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-_jl o^jijjij __j_j ul__UI l-j_ u_» ^jJ-i 

__jj__l _ iJjjJI <_.j__>J.I jjU_-o 4_^__ 


■ ijjU.^W^I^j 


I* ■"■!< ul£ j "*"■ » 1 - 1 - 11 ii^ ^jJJ »jj *. .^11 ^IjaII 


«gUoll 


JUSLu^JUAli. ^l SJI t 

«^Jttl >f «aiULuULM:<±JI Ul t 

Ol Miilnii :^-j!jJI J-wj 


»UJ)uJ)^i :i >«l Dl J. 

,«£11 : ^l Ul J 


j-lC __i <*L^-jiJI <U_) L«j . L»j__c («__JI (jl 
__JI <>_L_c . ..... Ti 4 i "^ l « ' « i>-I>xj £JjL__!l 

-1_JI oJLi^ ,4", ti.^, (__JI 4jj .'j.jll __.|jl_-__>JI 

SjjljJl <i_>iJ__JI __ljL___>JI 4__*_ji |_£jJI fuJ__JI 

(J_,J__Jlj _JA_Jlj _j*j^j. -,1lj _f<jl .1 A\ J _TJj 

_jjj| .Uj , ..jj T t -_1_J| i_JL_-j J i3d>-^'j 

j j . • ! I <^_l_jL__-M 4__)j_*JI 5jL__\_>JI 4__%_Li| 
_J_jLJ,1 j___c _p_<sL>Jl (jj__JI Jj1*ljj .(_____vjJ1 
3 j . ,.VI 4_uj_>JI 3jL___>JI ^j 1<- <-"< iLS" Ljjj__j 

IjjJc. ^a-Ji . > _ r„ 3 .Ljjji __li <-,ia V t l j___ 

<4_uJ_>JI 4_jjjjj_ , I 4______JI j inr __9 Lbj-seJL- 

4__j_>. j_____j <___!! (jrulj__JI __Jj t L-_L_JI J_^JJJ 

j<J___« (jl_i f)_i« j j",^ 1 1 j-*-luJ <l__J,j_JIj j-l i tiy J?l 

__j_>. <J___JL <__*_ ___> 4jjjj___JI oLal <T_M 
____ <A_jjjL>Jlj 4_?j_5_JJ (jjj-jj _j-ilj_a <_-jlcL__, 
3j_i__? <»L*_>.L) 3jj_>jj.I c_L_)__JI 4_>j_>. j j ■ ■■ 

La ___*• <3-j->JJ _r_JLj 1 _") I rtil mi a (j ^ . a j I j i , „ ) 
a__j — <_L_JI Ll — l_> — SJIj Jjl — l_JLI (_)__ju (jjo _, ii j") 
__Jj -^b-J (C^lj (> C--15 Ju»JI __lc 4 , , nr, , „l l 

. L_1>J i___jJI _>__«-) 



__LUI ____>_ V S-j-^ti 

j__iji jijJ-i 

t J_>J_- ._,.i ..ilnllj __<_uJI 
ij-^— H V «^! Ji— 5 L/j-l 1 

<i ', jl.il "i J--oI>j (atom) 
(__l aj .„-Jlj . j »L___.jU 
(elementary) ,,<UJ 3 i» _JIS 
,4j 3 i UU j_j,cJ 


JjljSJI^JjijiJlo» 


__^_LJ.1 j-jlc _? j-A ^ltll _Jj_i (j_- 4__-jJU j_J-»J Le («Jfcf _)L-J 

4_jjj_JI j__1jJ_JI £A (J_al «T (__L_ ___►_»__ J K j aUj-Jj, > j _llj 4_uj_g_Jlj 

4^>- ^j-a <L_UI ^L__>.Vl _nj L*___Ij J____J1 _>^J ' }_____- 5A_i__ L_jl_t__Li 
J_-lj__i V (__JI a in - . i ii 1 ,1 4___l > __ JSJJa <_;j-_-i a_^__w _>* ____>. jilj 

.__►_- Vl _>_>Ij_kJI 

S_pLjjj_JI (j_j| J_JI J£ (jl |lL«i_JI <jJ_l (jf JL-JJ 'f ^ * ' (*— ^ Jj^- 5 * 1 ^ ij-^ 

j U , '_ I j _)L__i_>JI ___ (j£o («J l_a j^Jo i J. t i_t La __lc ________ I _L_ 4j__uL_Vl 

t_; j" i '■ - _-lcj 'Lgjljjj SjjJI . 1 1- ____ 3_uj_>- («Jlj-c (-L___.l __ll f L*l_J1 

jcJLc _-a Jjal « Ti 3juJL_j. ft Lij_i_3 1'iii'i itlj iL*_j____-J 4jjl o iii II ^lj-a-^l 

_^L_j *U1_JI «__^ljj ,j___J1 ^ oLukLail (-JLcj j i ^ll ^ oLniLlUI 

, L2jL__i (__JL_c i_3jJUI j j r JljJ_>- j_j-___-j __II 4_>.L_*j -JljJLj>. 4_J_j_c 

1 ,< .^uantum theory («_J1 2_____j L-Aj_l_-j £j_Pj_u_j _djj_j ______£lj 

___? j_3j .a_aL_Jlj d__.L_-JI Relativity 5 j ■ mill 4jjJ__ (j_____ui cu Vi ml 

i___Ij_Cj '(jJj *N (jj _JI Jj'j? J__* -lij (jUi (___I1 3jUJL_»JI »Lj j lill oliJt 

_ninj (j_s La 2_cj__.j __JI .Modern Physics «4__jjl__JI f L_3_u_II» (__L 
_>c (__jjl_>J1 Ijjj .Scientitic Determinism «3 j „1.11 4 j „ ", -Jl» _j 

Cj I -r I U i - I, I (j-a l_U_ j_j_- J i (__!_- j-_J Ij (j___JI j- JLC j 4 j i . .1 illj 4_JLa_t_- VI 

__,L__I__JI __JIj_j 4_>jj______l (jj _JI _Lj_j_3 L^j _ jj jfl"i ___!! (~j_fcL__J.lj 

Lbj-iT 0-____u1j iLaJuS («J_JI l_l_fc 3j j 1 n «11 C_____ (-—II _Jj-j_JI 4-jjLj j lill 
(j__4Jj .4_i3 (jj mij»J (JjjJI (jj-LII 4jlxj__J ^go^^J _>-l-JI SLp. ,____ 3j__LJ.I 
:__1j La_i_ JjJ— - jLxjL lIiLj ]ri ill .Jl_> ^-_l __jjj_ 

Quantum Theory (t-hlt Mjli-i 1 

4j| «__j>_J (j-iTLa» (__j_J.Vl (_--Lj j lill - i>i'll (jjj im <1l __j_5___Tt ijlju __3 

1 jufc j-J-cl Lo I jl _>i.L_ (C—_>- 4__y _;jJI ^l___iVI __llL. -« j .U j j ■ ■■ ,j__«j 

(j-a SjUI (__J__j La_ L0L4J i-Lil «j i n -v J? (3jj i ,f> _jlji_-j (jja L_Jj_a ^Ll__VI 

.Quantum «^^Tijl _>_r» ji «4___» __1j__jJI «___ (j_ __>L _-*_-j .__ljj 


_>£. j_L__JI »j ,oll 3ju_, ___e l-u^j».! _--JI 4ii i «ijJI _jl , ,.1 _ "Jl _)! _i!_ 
JjiaJI ><_« jui-J _— — -VI 3ju_i _)! ____ _J_ J_S i_ul_ 3jIj_>JLj «L-*_Aj_<i im-v.I 

Jljl_l <U j_L__JI <>J t I _>_ lUii^ Ijj t t<~i l*j->- _J __>-jJ J_Sj ._£__« (_>._)_» 
<Lj_>.jII Jljjo.l _;j_j. _,_ -__J 4_J__i _L? '«J---JJ (_-$_-<.' (Jj^— »1 <-3 4_j_>.j_. 
«JL- JjU >__!_ __1_. 3j}L-_ .(3j1j__-JI jl) f lj___>JI __>_ 4_j-_i/-L 4__oL>JI 
3_Ljj 4_! __L_ __>. jJJ J^LJI jus £____)? I 3j___, j-J-i- Ji<_ ___t! _jL_lL___.I 

j__-_'l 1 * 1 _}L__ <^L__yi 3j__J _____JI 4_»_i_UI — j__j__ 3jlj_>JI 4_>-jj 

4_>.jjJ __a ~- a I <i 1 n _)! (j_ L_jj_>_ juu J) <i "1 J I j-&J i^j-il ej___JI <>L_>uLj 

. jlj__- _l <_>-j_ ___> i_)l_> jJ _«_» _) V 1 nl Oi^J _>->L_jjVI 

3 1 mm I <i "1 t j _jjjl _;jlj_>JI <>!« miVI i_aJo _)| J_>.j njj— -I 4< -L (j_a 
Ijuk 1 1 1 U"t j n<i 1 11 -Jl 4 tj iU __-_-, J_? 4_wjju .1 0 "n_i 2jlj_>JI 4->-j_ __-- 

^jJI -.)! j__j .Black body «_ > __, s _l ,-,„ -JL» _,<i ,„j L_ l_jj___ 

J J "1 tj J-$_- (<_ _)-~J 1 I ' J ■ " _) tj J 4_li_ J__l__J I <>l t inV I J_ -" 1 J 

___L_JI t j__JI |__u_a (j___u _;jJI _5_L_JI jj-l__"I p 1 ,1 --11 4_JL_J,I 4JL3JI 

. _j-_u! j.l 4jj£. 

(_$jlj__«JI *>1 « M.yi l_I ji -»■ il 4_A__JI -i_L_iII J-jJ_>_ _v_ ju_ _)L__j 

_,l<itll l_!jjJ__JI 1 <t 1 o"i (_-JI (jrtjljilJI (_>->^l V"i , ,il 4jjL__aj Jjuji. 1 ! , u-rll 

______j _;jJI >2_l « mi^ I (jj)-iL_ (jL-j_Jjjj _)l 11 j"i 1 M — "1 i" 1 M La i<^l t <"i^?l Ij-^J 

__!] 4__j_Sj_a 3jlj_>JI <— >.jj £_« 1 _ 1 1 iiL-j (j-_ I mi 1 1 (fl 1 11 ->JI 4 j r 1 t nij _)U 

__>.jll JjJ_JI _)L _, 1 n j _;jJI <i_-ljVI ojj^ uy^ g" i"n"lj <_jI >JI _>-^l 

.j___>J| 3jlj_>- 4_>-j_ j-o I j,,Xr i,, ,1-i-j <^L__gVI _, i -»■ i a 4_a__J jJoLUI 
mJjI j_- _)Ij_I 4JL- __3 <(j ,.o mJ I Lf}_- Lu .^jjjcJJI 4__i! jL_cl _-_a!j 
|_i _)_aj < (<i y i 1 1 4_j_>-j_>JI _jL__l_JI l_g-Lo _>j__u _-— I 2i-l ... tl _j1jL>JI 
(jjj— - I 1 V " 1 11 1 j I fl jlr _j mi- 1 ! t<i 1 11 -»JI ^ _____] 4JL_- (jj— J— J (j^ <i_i 

(U.-.yi __>-_9ll JjJ_JI J___,j__, 4_ J.^ Ij L^Jjlj_>. 4_>.J_ JJJL__J (j_UJjL_JI 

. L_-La j_L__JI <>l t mi!vL1 


i_jl9_Jl l _lj5 J _JI_~ 


(___j|j_>J| c\ . ^ j— ■ io j_« LaLjJ j (jj^^ (_»-'! J— _jj l_J_L_ 

__3 3jua JjV J>- J l ^j' <_<— ^ < *JJjL_ ~' i nl ___< 4_jj_>j_ f»j— JJ <jj-_VI ^ i n-y 11 

,___ j-ji-j <Quantization of Radiation <>L__yi «4j^<_» Sj__> tLju-JI __jj_ 

j_«jJLi 4_1 j__jjj «_Jj}L> i_ulj» ^q_ujLj (jVI i_3j_u — -j-ual i_u_ j1jL4_a (jjjL_ll 

. 4__j_>JI ^Ljjj^JI <__J 2l__L_VI _jU__I {y* ^ «h = 6.626 x 1 0-34 J.s 

,__Lc -jljjJI 4_tii ^o^. ,___ <-,<i _ml j! (<__l ijjJaj £>-»_ CiL<i!VLc (j_- (jL_ 

4AJLI SjJ__«j 4ii*_ 4_U_ oLjiu-a VJ J___ _jLjj__J}U _>£*_ V 4j| ___L_t 
_iij < j_-T _g j" i Mi » _-JJ 4-Ua ^ini « _ja j---J _)l _jj__J}U (j_-4JJ .Sljill Jj_- 
Ijul __U" nij V 4__Jj .liltj J__u LaJLic 4_U_JI (j_ i ,m,I'iU 0 ^i"i <m jl l_-u 

j ■ ■■ (jf \ • 0 j.l_c (_fl (j_____1 &IU-, ...lj 5U...J- * 4_ujj 4JL__ (__1J j__J_l 
,4jjj__II «___ _►__<_! (^ic *juiaJ1 j_JJ-u __i j t « ^Um (jjj _j_jj__JVI _jL_«_ljI 
(ftj-L |»JjJI __jj_ CjjLua (^j—ll — jl «_ i n-*ill _-a I i>i_'q 4 i n<i i cj_l_JI jL__.L —Ujj 

SjuL». (j_"i niijl 4_J_ (___1j _;jJI jL>_)ll j_* lj_t (jL_j . Photons «_j_jjj__l» 
ju____ Jjl j»1 MT ^Lc ,___ «jjj jLj» (__L_c! __Jj_T . mi ^Lc cLj_L_II __3 Jujj 

.3juJ_»JI ^«_JI 4jj_— J __L_I __Lc ej__JI oLujl 3j_bU_J (______ 

Dualism j_f 4rijJ__.r 

jLicL Photoelectric effect __jj__jj^_JI juj-JI j_l___ (j_ -■■*:■:_? 

<3j_J_- (__3 cUUll £_jl Ij—b (j_J .«_jLjJj_» L-l <1 <nl «_jL»_» (j_ LjSLa fj__JI 

L*jl . u in jUL-Lajj-^ _^L«__1 jj»j <*j__JI (ji j_?Jj Sjijjlc iJji _JLi__ c_il_ jj 
u_u _j_jj _)! de Broglie «(_-tjju _r^>__l ^L__i__1j .3_ ! _ ; .j_« 3j_*L_> j> 

4« jjU 1 j <;j___1 jL_cL (j_L___L>JI (j__i _-JjJ (^y-ll 4_ii_«JI JJL_— 3 <4-L_wj!l 
J_J _,f (^yJjju _5J JjL-j .-j U_ < h-»- < » Ljjjwj ^ljja_i JJuJ Luj_>. j^fl la—j-jjjji 
4_S__JI — jLj" i n a (jlj <4__j_>- 4_>-jjj La 4_uj__j 4j_<a (3_lj_u 4_w j_a (jjj_i_JJ 
(j-a __L_t_a jJlc I $ t '<> > CjIjIj_o juii (JjU-j- «jjJI (-3 (jjj---I!VLJ Lgj - j < i < nl .1 
.SljUI Jj^4_Ao_J_wjII JljJal 


_-jJI 4_2j^J<aJI 4___lj_, ,__ _>__>. Ull f_L> 4 , „ <i i I jj ■ II (j_a (jj-w. 1 — — ij (__J 
<_ij_$Iofj) .4jjj)JljJI 4^ i ,"<tl _jIj_> 4 U < ,iUi -_Ljj)j___WI -JJ J *- L$j <"iJ,.*»-J 
Jojj — Jl JIo .__ .1 j i — jLjjjj ~<^1V1 (jl (jjVI «_>j) iii ajjo £jj>__.>) _jl — IjJ 

_,__ VI Laj j i.irtl __-«_; V -_jUj -____ij) Diffraction _j_u>J1 3j__U_J 4 , ...LUI 

t<i .<," "Jj .<_iLj)j-__}U 4_j_«.j)J,l 4 « j i U 1 1 <-JjL -i-"i II < " ."< n I Ijl^jj <(_>>_« _>_Li_1 
jj'ijKi) (_,_-_>_- _M -_« ^ j»L-Jl ___ »Ljj j <ilt Jjjj SjjLa- (jj 1 1 1 aajo _JJJ>- 

Jjjj 3j_L->. __!_. J___- ^jJI <_iVl (jj__u_«_ji_ -;jj->. _J L_i_jj__Jlj .<((j j ...j^ lj 
Sj_U. __1_ _--_*_; 4_bl ^lj ,oU-> (j^ 3jU__ o_j-j___.VI ,jf __j_f 4_V 
uj _ I _-« }L_ <jf J • ^->>- 5 j ,nL_ -J_j|j_i_J,.- _! l-jjS? «_V 4_l_l__« 

_-lt ___>.j_.jJL1 " . U 1 1 "_>j__-__J1 ,-.f (jf jlju <__>!>__ (_____ .jj-Mj 
._-jjJI l ^_ 5 _i___JLI ____. -iiU-^llj 

JoLaj _L_— J SjUI - (<ij i ,i -»JI 4_i_>.ljjjl ,-.j ~_i _ _<"j— >-! 4 j --_ (j_« _ (j__l 
4_jf ( _,< «<i.i .,«__JI _n_ 2j c- ^ j fl < i«i.i Ja_jjj" <f— J1 *_jJ— j _^~ _*=>>«-— '1 
pj i ii --11 (*-— jjs _y» }L_> 4 *IU - 4_3ju j J_-_j _jf i___lj_« jl J__-^_a _"_* (j_Uj V 
pj . ,< -».11 _u-J-« JljJL_>— 4_)J Cjjljjl 1 hK> . I (jm <i'i 4___s__JI (_3 4_j_>_ 4_j_«_j) 
<<t>j_ijj_u_ j_)j_j_3)) (.jU- 1 ! ,___<L_j_L_JI ,j_- J_>j) . 4_>j_>J 4_t-j_> JuJ—k" 4_SJ ri^ii 

tfjL_L____Li .Uncertainty <j_LL_JI j-j-__ j! _ry_>U1 __JJ jL__Vl ___ __« J«i 
jL_.fj 'j-s-l <-j <,<> l,- 1 ji (jjj___MJ 4 j - j iUII j-4L___t.l (j_« I j inl <„! I j_4_-« 

_j_-_a (jl jl j"< r Li .SjjJI 4 j '< .< 1 -jj i ii ^"i jjjlaj __i) Ijuk (j_a jj>j jJjj ___ijUjjJI 

._j_ijj_ (_Ij _<;_!jp *(______-l 4__l j_« 

(__jljjj_JI (jl J, 1 <fitl I juk (_3 4j_jIj)SJI ^«ajfcl_JLl Jj_>- uJjJJ U l_jjj_ _j-«J 

4jj__>_ j»^To j-Lc (___ ^jJo E. Schrodinger j__ijj)j___ (jjjjl _$jl______JI 

Sjj)j_3 I (j« « -___>aj i3j' » <<f> (___> IjL-tjs 1 _« <nj) 4_____j 1 _)(j < 4_JjJej 4_uLjj_j_ 
4j__JI __L_" l_J U 4_9j__« (j_XJ ^J ._Jj>J.lj) "U--JI 4JL_ ^-g- .(__ 

(^yjj 4 < 1 „ i IL) 4__UI (jj— j ij-i -1 _, i« «i.ij ■ (jj 1 '< < f 1 1 ~-"< <ij 4 "1 j « jf 4_i__w 

<<!<.,"<" 4 ~ j "1 '< 1 1 eJJb . L_lJ__sj («jj (___—>• l ^ J jJ>'j Sl j -sll _nj 4 iiU « ____-}U.I 
SjjjUJI jL_-_l (jL_ .4j_>___ 4jj_3__J -jLUJI _>_-»- J_Vl (_l_ L^-SJ .4__jUJ.L> 


j__u! _l__j .3l_j__-JI JLx_> _____ 4____JI cL__i L_Uj__j <t jry___<. j-j-C L_t_l j_i__ j_x j_k 
(j» Lsjj _ __J (jLiC 4_jl iii i njj» : J<_.L_> jjj j-jj 4 Ij aj __JI j_jj _j| j j__jjjj__ii 
4_J__3 j_u___o uJuj - j_J_JL - jjj_ijj_i_i <j->u j«J i«^«__II 4jjJ_u ___> £___> _ j»LVI 
I j-_> I( 4__tl -__ul_L_« <___) -__4__a_J.I 4_ujj_]l t ____L___ll ___£: Jjjy _)_> -___J .3 JJ ,."H 

_L>i-.Vl f L_^Vl i oL i _i J __JI J oljjJI J -_ 1 Ljj-__-]yi _>.l___l (> ,>--_JI <„_L_JI 
. Submicroscopic 4jj^>J.I jj. 
^jjill _.jo__ j^_^~" _)_-<u V 4_Li> lt j____JI i__u- jl l_)LjjVI IjJt L__J_>j 
( j_iL-_JI jL$_>. 4~>- 5-Lj_) 4_j_>JI 4-±*£ jl jj-jJJ 4_s_ SjLj (j__jj V _$l 
Noises --iL-ijj ,Vi1l ji __LI ji____>VI _>~ LuLg. _>__ii__JI _><_«-> Vj .4___jJ_> ji 
4J__Jj i LjjI j lj__vl (j_ijJ I j_* <j____JI ^-_____ t( _>_L_i__JI *L_il i_jj__>_) j__> ___JI 

(Jj-l-sj 4 j^y j iL-LjJLI (sJL_«JI 3jj___» jj_i___3 (__Lc _r> ~i jll j-J-C T, l i -> _£ji__uj 

jl L_>j_-j 4 j «i j i u-yJI 4jlj_lL_JI I __■'« -r i^>"i __-JI _jj_>JI _>_jj «->! _«_> ' I 

j__j (_$jJI J »i "i -»J. I ' u^.n |jjj_3j __I__uj iSjLLI (j-c L»jl__j <Lj_>.jJJ 3 < j jUII 

. J___9 (j_ijj___JI (jJ_->-l J o «" i m_> I «> ij~- ejJLI 4_j_3 


Relativty Theory iii 1 It ^jiih. .T 

I > i aj l_LjAj Ju _____ («_~JI 4jj___j jj_£_oj (jjj i'i II (jj__JI Jji_- _-a 

4jjj (__a _-J_-_v j_l___C -c_«}l_~ _JJ__^J_> £j-__lj_-J__> JU (_-C (j____JI |_J_C 

. (__jLj_i__JI joJL_JI 

(j£. "jj J ■ "lt 4_jjjJ__J <L__uj_*JI J_>jJ__>Jl _f" _t _-__>J ^ °v * 0 j_L_JI _____ 

(j_3JJ__Ll 4_4_jJLl L_jl_V______VI -U-3JJ L»jlj _*_-_> J '"■ «"' 4jjJ__JI 0 j ftj 3 j y . ; 1 1 

L;_Jjjj La (___C J- 1 ! 1" i ii VI («j i 4-luj -»-~i1l (jjl ii-r II -ij-aljjl Jjl-r"ill (jjs 4jjj___JI 
JyjJ 3 tJ-^ JjLJL-JI _j_* 4_»____> (j-« ( j3 ->r "it lj i-^L-j _>_> _>-»jj---JI a-L-. __ic 
4j L_jj-J_«- ^jJI _-_>-LtJI -_)l o in (<--_i (____ t>j__>j .4_)j__*__JIj -____-. >UI 

.(jj^^liJI _jj__JI «Ljj- 


I n -\jj i*-i" (j- s QJ (jl j n Ir (jL__5j-J_ _jAJj'_n (j_-___!l (jl _/> "i l_!j_I _L__t 

: 4_ujj_>_> (J_L__>_ L*4- 1 __lc 

_>i_jij (L^Ljjj J-ic L»jIj I $ii< n\ "U_i2lII L4! _Mj_aJI _--_■ *j_-_JI 4_-j__- _ I 

. J__>.j-I,l 4_~j_>. ji 4 1 nii 1 __j j 1 f-> 1 1 j, 1 1 >->l,l 4__j__- (jc jUill 
J__"_3 oLcj___JI JJ__e__j Lojjj i4 "■IUU l_jL_Cj____JI ( _j_,Li_3 (j-S-aj V _ i_j 

. jjs-T 1 n-w _-JI 4 1 1 uilL) 

L_4_^jLjjI J ■ -»" • •■ ■ (j^______j_^ 5 . . , .. : U 4jj___jJ _j l 1 . ..1 . .S t\ (jL___j__JI (jlj__s 

L-4-1 _£l ■! ofli>i'-jJ -J__,L-JI i_-j"_f ^Ls-JLl (j_a j_u_C jJju (jljujjs I nfli<l ."j-j-L-o 

jj__ > _____ii ^d-ji ^jinU ui j_j jx\ oVji_^ j_; f Lci pi 

-_iL_>-l "i" inl __J! (jLjJj 1—4-4^1 (j__ iji'i I j__> il___j_,I ^l i II I . ..1 j " /i ^jj>j 
.4jj_5__JL LjJjo (_5"-»-"i1I (_jj^>- 4__L_b 

f j' " > Jj3-«J (j^-*? «J_>.J JjUilL '"■ j"l (jl L_i_-«V (>"i inijl 1 i"V I ir-l Lul jj« 

.(i/j- A ^ • x Y , ^A) £lj___JI (__ >j___JI a_cj___ __1_. jup l_.Lcj___ __1J ^jL- 
4 j 1 niill l_)Lcj___JI (j_il j " 1 gjj n->" J^ miII (j^- 4.L3 i(__jL_JI (j_dj__JI __JJ 4 1 inilLj 

__Jj 4 j niilL "jl_u_JI 4_j_a- 4_j__j ___c. Liljj "jL__JI __3 "__j___ll _)_iLl____ L_t>.>_l 
[Aj$3cj> Jj_- L^-ljJjJ 4_J_j_j -llj ->•""> (j__j j*I (j- 1 4_____4 i-i 1 „jl <L-j inll _j__j ._"__> U II 
4_Cj_i_i _L*jl l_____JI J_c (j^ <_) _/__Cj_i_JI (j_>L_> 4_aj »<iij .(jiio i'ill Jj-_- L-ojIj 

DJJb j_j_-J iL-ij_5_~ ___ L_lj_3E_J Ig inlil _)ii«i"ill (jSUj ._)il« inll (_-J1 4 I 1 nilL 3jl ji nll 
Jj -»-" 1 ||1,I (j-S 4j| JJJJj » I JJJ J— _>l ~j1j_5_JSJ j»JJ>-l (__J1 4_lu_i_JL *JJJJ -Jj •~"j 5j_sJLl 
L_uJ->JI J___i) 1___L«jj ilJ_>_5-jj r__, ■ " J£ (jV L> ^j__>J 4-_JJ_>j3 " jJ.->- - 4-Cj-i-j 4_3j-«_- 

. j_-J ^ ni->- __J1 3jiiiniilL j»L__v _"1 j_-! 4cj_lu jl jl_Lo _>c 

«jL_-__,yi l-.L-_.L_--» _■« La 4JVjj 4jbj_JI "u-l j .^11 f JL_-j L__ SjLcj 

oL_l_Ij.__.MJ (_L___j ij\ j_*> jL__.VI JaLLo j! jLL-lj Frames of Reference 

4 1 inilLi 4_____>j (j->-4J lVl "1 a 4_-jj_ > I j___>j_«_5 .4-JI ~-j____JL • "I j^H (_;j_>-> 

(jjjjjj . jLl_.VI lULl. ___» 4JLJI _■_>__ __ia 4_)j_«J1 (jj-oj .-_aj__I1 (jlj-L>- _-JI 
(>-j ^ ^ jiS\ l_.I-l__.VI (jl -:L---_-,1 __J! 4_xj_____J ___^L__Vl (>jj-__JI 


uS J i il __.,_i;5j_ji_ > » 


___ 4 inii'l (j-ajJI _-- i---J_>-i V JL_ 4_jjj___II jL__VI _______ J_-t <_3 Jl>lj 

4_LijJ_j JjjJ «-cL-JI (jt £___jl (j— - _-IJ (jn"i i^ii ijl jL__t Jl_3j .J->-T <-L»l_>^a 

_jl (jl — jLjJ (j^ <IJJ . L_jIj_*j j_qj (j^i-> ,~Jj 1 3 1 <i — j (_£jJI _)<*>*»■ i"ill 4 iil"i V a 

--ijj-_ IjJ I U>t L^jljjj j,i ■"< , ,i L-> j_-l iii a __JJ 4 ■ milLi 4_Sj T i« <LxLi 

JjLCJ» "j ^l l^ tl ^jub _^ ^ . .."i j . 4 ... ^'i J__L___,I __JJ cL__i__JL 4 'X I . .. 4 /- I . .. i 

tLcJjJI >_-->->.? J->J .4__j____J 4_.L_JI (__JI 4 i inilL) J__u (>«jJI '«L^j-' 
j_j-^l -J>-JJ (J-=J^I ĕr— ^ — 4_-J— -I ->J>-J _-fl-l ir>"j (jjjUI (j_-alj_JI (jt _____ 

.«,<_lj_J (__;j__L__JI _>___L__!I» <*__,! 
i " ' _>iL-»__.l __jjl__. __!J _v»jJI jJ-jj 3j__L_> (^jjj i_;j_i.t 4-j_--U _,_<. 
.4__iL_ kc j_i_u 4_jt"U j»L__wVl _jj _;__! j__L_J.I __JJ 4 , ,„'.ll . J^__J| ___ 

JJ— - _jt Jl_c 4_t __!J _ (j____ij| Lgjjj l_j_> _ 4j i initl (j_.jj_. 4_JjJ _,JJJ Luajl 

:_)l ___> 4-r-j'ill (jjJJj i4_J__' __9 jiaLu. j_J_i _!__> jj-J Lo p m->. 4_L_s ___ 
<-j__!l 4__j___ j_)j_« X 4I-.OI ___ j_l_JI = 4___ll ___ JJ-"H 

.4_>aj_JI JjL__JI jt _jj4__L_U _U_. _►_■____? ja lj_*j 
Theory of Everything Jf jli- ■ « 

s Lj_l_JI LL__> ffl-fct __« 3jl_-Ij 4_l_IjJ __L_ Jj_i_. 4_*___j j-La »1 ql.1l ■ *<«j 

_t -U_ :_,j__!l (_s 4_ul___JI 5 j t j iUII _j__l j j -_.j-_u 4 alt-.ll 5j___L__LI 

:___> 4_u_iL__'l _;j_JI (j_« _ljjt ^jujI a ^- ^J _)J-lJ' u' (jjj .'" (__-_J^_j_-— '' 
(j-aj i4jjLJ,I j>l ,„ Vl (j__i J.i t"> ___)l (4 jl>l "i"H) 4_i_i_L_»JI 3j_i) : Vjl 
i_) ii o i"JI Jj->. C__lj_JI (j'jJ J J '(_H=J^' ^ 5 — 1 Ljj__C ^-1 , n-w VI lUj ii , n L_.j_>I 
4____ (j-SUj '_-jL-$j V i_i_l_a__JI lj__ _JJ_J»j .(_,_lj_JI Jj_j- jl__>_. VI (j'jJ J J 

— jl o j,n->JI j_sL_j jt i_j_L>u ___. J-4— j _--JI 4j i njUI i< ajj^SJI 3j_2JI : Lulj 
L___jIj iL^jIjIi SjjJI __Ljj___JJ JoLjjjI _;j « ■ Lg_JJj iLjjLij__3_> 5 ',j 1 1 
. I j ''-*.'.' — jljjJI J-iLujl 


■ U <j ■ L^jljjj SjjJI ' '\ ■ -1 1~ ■ U — " _,~J1 3_ljJ___JI 4jjj_J1 3j_ _!l : L_J_ 
. „jUI j<ll 3j_JI (jjo Sjju ___J 1 j-j^I (_-*_ ioLjjjj-uJI j^» oLjjjjjJI 

i_Iji_g ^j—. I g"~ iL i— J_a "J j j i ii 1. 1 4__jj_j__J1 4jjjjJI 3j__M j^-S J-iljJI — *' 

j_j___ ___ (___l_- J_-_u Jj_y I . jlr j i^j jJI OjJ _~ j)~ ' "H lj—"- _j-*j-_-jJI 

.«LLjj» -___.! __L-_L3lj_J ^L-i^l J___l 
_JI _,j_JI ,__ 4_,L_I _j_J1 jjj <-__j V <___JI j__l <___ ju_-j_JI Jkl_ __J 

____ ^Lill ,Uj i.i Jl j j niii"tl __!l 4 jl~f 4_i_J_. 4_>-L_- 4_»__- <-_*JjVl ^ljj-l _l_ 

_ I -JJj . Jl_-Ij jj-j-»J ~JJ__ll J-Li.l oJJt 4j^_- >*J-" jJI JSL4JI jL*j! 
^Jj . C L_>-L_I |»L^a (j>J—-l JS- <_i j 3j_-jj» 4_jjJ_j 4j»j iUll _j1j_-VI < <i I" V a 
Jlj_».jj :__Jj JLj_- .L-3JL4JI j-*_ 3jU - -I ______> LL1 ___) _)J_- j-j-j^ j-J-iij J- __J 

j__C jjL _ Jl (jj-JI (_-- (4jjI 0 1 11II j 4j__j _ I) 4j_L__J_>JI -CjjI ^jI I _rul j_J _JJJJ 

(___ 3 j ... jUl ;;i lj c L)j_0_JI _,__)___! j-_ ejj_JI 4jj Uil Jjj_i__>L- j_j_>.jjj <_$_jLJ,I 
0____J») j_aij oL^jJI 5__J-<J .1 > _ ■->_ .j A r ^L-JI _j__JI 

j_j__jjj .1 ",n j ^ \ -o __-Lc __j (4 ; l«l-,-,il) 4_jjjL>Jl 4____j ( space-time 

.(jjj___JI __-_!! __L_Jj__c _,_ |«_}l KjiKja 4__ll_Ijj 3jjjJ1 <;L_fj_JI J_a eL^jSJI 

___ Ljjj->- L_L>_ (___>__ _ jj-Jjj - <->L_J1 .1 ;f) 4_!>L_I cLaLJI -^_>_ j_>j 

«j_> _uL_ j ,4_a-j____l 4jjj_!I ~j__Ij 4_ljj_£_JI 4jjL»Jl ~j_JI (__CJJ (j-u -Lj_-j_II 
4_M_JI f l__J_JI __J__I _^JI ~j j 1 1 1 4_j_4i_JI i_flj mi<H (jjs 3j_-lj 4 1 _ 1.1 4— e_u_J1 
0 j_» JJJ— - LJL>- _$j-asjj .j-^ j-L_II (_yfl sL_-__JI (_3 Jjjj ~j_L>- (_--- Jji^ —II 
L^jLc jj~1Uj S, 1 j -_J 3jfl ___ JJJ - 1 ! _Tj-JI (jru Jlj_>.jjJ1 4jU r J1 0^*1 1 n V Jj^->JI 

jlo.j_]| ,-il_--j-,l Llajj . jL_a__-_ , l Jj; ■ ■■ _,__. (T. 0. E) ji «f_j_ JS 4jjJ_u» j*__,I 
______ (ji 3 jjU^.11 -o^____JI «j__ (jLi (j- _j_j __j__ .Grand Unification (_jj_JI 

jj~l«j cLaii Jl (jl L & i-jl 0 j1117.il (j_J _-J->-l (_-l!l _jM--L--JI (J-i *-_J->- 3 jUr __3 
(jjSJI (jjj__i J_-lj_a I _j4 __j_>a (__l!l _JijjJ_JI __L__i__L__1 __3 I j-jj-S jL al I _ jlr 
_rU j j j o"11 4_t— 1 jj-tJJ Ju- __JJ !-_>■ 4___uj_« ~j1j_>JI 4_>.j_ ___j__> LaJuc ~j--Jll 
(juj « '1 (jjjJI («Jl— Jl 4 »j iUI J___fli (44-1 __JI uPjJ l_3j_l- -JJJO I j-_j .JJjVl _£j-_JI 
. L4L4J 3jJJ_>- Ij__3l _lj_ll _ . J 4 -* J 3jt>.j— 4j_J_u . iIU" (j? J___>J.I (jjs (j_J --Jfl 


_S J1S _JI ,_JI 5 jiJI _m> 


__jlj L£j->-i 4j nlr L_jl_ij__j (j_a 1 0 a r Jj La JLjj-j 3jjJi_>JI 4jjJ__JI tfji__ _jl 

L_j ojSjM _iL (j 1 ^ 1 ^" l---' ^ig Bang «jj .<ll jb__u_l» 4jjJ_j n« __a 
Cosmic 4_jj<JI 4 ,11 jl .__JjVl 4_jj^J( 3_L_U JjLa jL»__jl t_»L____ l Jz 

i I J_v. JJ t 1,1 j-1-- ___> _)_____ ______ j -jljJ- 4jvj_ ___«_ iL-_a !__)_> _-_JI Egg 

(«_~-_- 4_j| _gl i J__-lj (jj-jjjj 4 U inj jl _)_S_9J _5J_JI j_j_>JI (j_s I j j "i <. j-i-__l 

_j_»j i"ij*m 4_iu j___ i_jjL>_ L_jjjj 4jj U ill o j__ J-Sjjj • 1 ' j mi J-L*j _L_j V 

____>UI (___ _____ L^j I ____ Jju La_« '_>--«J _>£- I (j iritj 4jlj_-_» J_cLjj _>j-JI 

mi"i <La .l-_L__.I 4jl_jj _)j_L (jj lj__ (j_J . J_>.lj J-__! <___• i J t " a J j i jll 
4jL_wVI » j*j l-3j_-_ _j_.__JI -_ja -»- (___ 3 . j .U II ______ (^JI 5j___^_,( _jjU;ll 

.4j«j iUII 4_jIjjj i_jLjj_JI -ilc. __-> 4_____'l (J-lcI (j_- 

Ouark Model d j1$_Jl -UjJ-...- 

(j__5_a sj->- j_— _->l _-__— i 4jjL_JI I i"i ■ 1 __3 «3jjJI» 4_*_i _)l _iJjj___J1 l-3j__j 
(j_« _)>-$- -t ___-*-_■ L-jjjjj SjjJI («_-__- 4_)____ _)l __-_. .*(___ jl 3.UI _>~ 
l_)Ij_ ___) 4J-al_JI 4__U_JI __1_- J___*_ _)l _____________ 1 jla ._£! ^L_l_Vlj L^jLj. 

4jjj jL___ _J-j-___j a____ji *j_* j>l____i _)__-V 4jjL_ji jjUI _,-. jL__ij r i j__ 

. L_ j^mL 4_u_> j'_ I 5 j_JI Jj_- _)L__Vl _J_U 

(___4.lc.jJI j__ j_aVl _;_Li (____ 3j jJI l_-j_j_ (_-__ ___^l (_-JI ^IjJI (jiL (Jj 

£_ilj_i I j jj<j"j SjjJI _--> __-e_JI L__ Lcjlj ■ I _ j '« 4_LaL_JI 4_9U_JI ^lj___L_-l 
4j_i__j ^Tj JjjjJI Jj-4J 4_ii___j Aj^-La-J 4_wl__ I Ajl _■*.<■! _■ -L_j_«_LI __i) 4___jJI 

t_uJ_>JI 4j|jj __j_> -jj (j_aj ._)j-_ll jlj--l (_-L_. l_Jj___II J>.| (j_a Ijjlji^-»— (__!l 
(jc. l 3Jj_C.VI 4 ii i ii^La l-i > •»• "i -> i_,ii miI'4 j-jUo _-)-l f L_aJL__JI jj_C SjjJI (jc. 
4_i__.^__ L_i---Jj ijljjl 4-Lo L_Jl_U (_-.jl J-Aj->- jl <Ll_uL_I 3_I_-j -j->-J 3jJj--_> 
Jlij i lj--*--J _;jJI *j-->Jlj JJ--M j-4>>JI 4_L_il-__a ___ 4_j-a>L_.yi -jL___>JI 
4jj_5__JL 4j 4_3>Lc 4____L_JI ^Jjjj. (j-a Lcj-S -3___lj_-j CjljjJI ,___ (*.->■ _ill 

^j>LAI j___c j-^LUI ,jj__l ^ «oj-IIj» LSj^)" ^JLil *W lP* '4_1*_JI 

CA mi'ij i-jjJI -ij-s-j 4-uljfl j^yll _jjUj_L-_JI -^Luj 4_lLjl1I 4jj__>__J-j Jl-lj 


i__|_ijj_>. _j_a <__JLjj i_ _>j_a MjLo tULa ij— _! <f\ _r_jj (j-a i_—Jji,l t(_£j_>JI 5j£_9 
._n_vjj_U4JI j i ^-iir (j_a __Jjjj 5j_-lj (jg -r . »K \ 5jj (j_a ___l>a dLa fr_jj->- (J-J 
Jj-Sj V SjjJI jjt (j_>LjJ,l j ■ » r -___-L_J1 (jj_-!l tr^*" L__L__, u^J 

,___ «Sjj» 4__«____ .-jljj __JJ 4jj -• " II Jj-Z_) _;jjl cu?3-J>JI (_>-J-*J '4jj y ~A\ 

Jj_5j V Lj j\ ■Atom (__5jj__VI Ju_)>U [-___l_jJI j_±-.] 4-jj>-JI -_~>->.j-JI 

. 4jj_*_!l jl iu5'i VI 

^--jjjSJI j_jJ_JI (__ j__>lj (__^>i J>t-J _jJl_- _jJj iii «I I (jj- 5 ^ Jj- 1 ^ £"J 
«'mjMj .^L___}_J SjjJI 4_Jj-_ j-.JL»j -JjLSJI 3_cjJl_JI 4jjJJI -Ljj_L__JI i.-. USmj 
I_jjjIjJ1j j-jjjljjjJI —jljj Ji_a .LjjLSJj j — ■ nij CjljjJI (___— J (jl »1 « Itl l L-JjL >— 
(j__«j j_>. VI (j____jjl (jlj '(_-_! t miVI Jol M i il l — jl j j_j_)L__JI jj_a La__j_j__j 
_Jjl__ i—jI_ii_? j-jj— I ! jl 4— x»_a 1 « .°:.| ____ Jj____*_U 4___>L__ _)jJ__J 4__j_—>_i 

. 4j__j_o jj-.lji.l ,___ L$ia 5jL_}U -_.L__JI (j_ 
jl ■■■ s'-N ' -JjL_ i-.- . .-t (___! SjjJI J__l_. jjj-j*. f_L_ _JJju j___jlj 

4j...l ...I Sj__j (jc '*••—■; ^ Ij]___Ijj _jl »1 nUII _-__ (jl_>J '4jj_5__l jl jl t-> 

. jljil 4__a __J__j LJj! !>->>>■ J-__- 5jjJI _jLj__. Sjljjl>. 
4jj jJI (jj_ «--I i j i.i - - I I JjIjI _j_- __-LjjJj__i_Jlj __•_>>_ jj__JI ______' 

cjljjJl ^jj __J_u :(jjj miiII oj- 5 -" Jj'j^ ct^ ''"i' ; i"' < >l _--l subatomic 
5_La (jja 4_LU (__a 99.9 _vo j__l (jj--ij .nucleons i__Lj_jKj_l_JLi __jj__5 IjJj 

L_Jj __-V(_JIj-j.C.Ljj___J!(^ 4 ■ ...ill Lal.(jj_JI 

(jl (__II eUJjJI jr-->-lj i_;j-~Vl 4 j ,.il ni-H CjI a j . .. -»-. T 1 _-a Jlj_L_JI __L__1_'I 

liUi iii -».11 4_u__>J j-___aj J ja ->- 1 fij i^->j__ quark -JjljSJI -rj>«j Ijjj^) 

(___u_JI -JjIjSJIj Up (__>-JI L-ljljSJI i-.jn ... L_l_jlj__l _>a J__S_3 j^ljjl 4_M- 

5_uj__ _-olj_i- -;|-im ,,,1 (j__«jj .strange -^jjjJ-I -JjIjSJIj down (^1 -rlll) 
(jl j_j__ .--jjIjj 4_L)j___j L^J 4jj_JLI l_I__jIj_JI ,j__Ij_>. i m^j-jj _^Lj_^>j_iJ 

4_>.jJ (_]} _)^/l _____ J-__JLl _j t Ll _;jl>- _J_?jlj--II 5jukl___a oVj_i— a J-i-_>. 
Mji i- 1 ! (j_uJ i-__o_j_i__Lij '"'N J & ' ""' Jj-=*_a I_»jj_j_l__I »1 al«ll (j_a JU_1__JI (j\ 


i_.jl9_JI._ll5j_Jlo» 


1^___kj_« (jSUj «4j"ij"i--» -_iL_jl_>' ('n.ijlj l-jIjjL-JI i n,<~jJ _£_>—- j»U_j Jj-*-« 
— jI « j ,n ~. __lc L_jJl_- CjJj-js-I (_^l 4 jl« tll _jjl-_*_JI jjLjj (jSLJ . I fl", , nljjj 

^jJI JjJjJI ' ^i_4_>J1 i-Miitijj high energy particles -_i>U_JI 4_JLc 
L_jjju o_jljSJI (j' u^ 1 -^LutSlj _jLL_ cjLSjIjSJI _,f ~-~-j_ 

4jjJ__I _Jjj__j .flaVOUr «4^S_» L$i« JS u o i nj Lcljjf ,<___ -JjLc <-,-■_ „-f 

top 4___Jlj charm __iL_JI :___> (jji-i __L_j1j£ 4_}Lj ,-.*j ■ •-? l__j_- ,__J_. j__j 
cjI <ij..i -».11 jjL-i LjJvo (jjS_u —j— >jl j^ ^j— - £j-*?<-ll ~t!- > - 5 'j 'bottom __c__lj 

.SjLU eLu __L_-! ____ ___lj ,4tj,I-1l <___> -_9jj__I.I 

M. Gell-Mann (jUlj> ^jIjj» c ^Ljj_«- , I (__jLjj_i_J1 jl __ll SjL_)/1 j-l>-j 

L.I "■' i „1 4_jl JLSjj .CjI oj ,,,-Jl l_Uj (__1c «_JjljSJ1» ii<. „"i jlLsI _j-« Jjjt jj_ 

Finnegans «_jUij'«. -____y>> !_;«. ...I <_>_jj_>-- (__>.,■ «j~- (_g_i_-jjyi _-ulSLU 4jIjj (j_. 
f ju- ___l cjLJSJI (>» jjjjw» jjj j__- 4_JS£ I_«iVi .„1 j__ _L_j .Wake 

_jl (_->■» ~J «4_$SL|» 4 J «1 , n" (jHol (jjjjl j_- L~_jl (jlolj-t-J .-jljjjl __9 tijir I l_$-l 

Jjjj 3j_L_>» <_lc J, ^< ~ - j_3j . L-jj 3 j <im -___*_« -_j-_--L_- aJ jlj)__ JSJ 
. IjjjI jj-jj a_Jj_l _U_>JI i rtji.m Jj>_. 4j__L___T. p)\\\ ^LJJ *LjU_JI 
0. Greenberg {_j+u>c jL_C____e)T ^SL_j_jVl (_jL_>j_!I -j_al ^) \\X ^L-JI <___j 
__M-_ -J __« jjiSJI J~- -lj__-M l_v^j (jSL«fj .cjlSjljSJI __J_J 3j\i__- _.1jJi _j_«.j 
,«j_L __3j__u JuJ—>. r«Jc __Ujj l im ij n-jLSjljSLU (jl n lj -». -ojaj c____j____l _,_JI 
quantum «5 j ««Cll LS_i_-_l_u_j__*jj_-JI>> jl «4 j "iljSJI (jjJJI Kj «L-o» 

0- JjljS-J (jjSj 4Jc „LLij . jl ,^-^VI Ju__. (_lc QCD jl .chromodynamics 
LSjlj>S j____c ___il _j__JI - i ^ j'i .4_^L___- SjL-iL (jSJj .1 ^li - j|j___»f <Li__JI 

jf LSjlj-S _jjjj_j 4____u ^"i jl 4 nl* -V e jljJl 4_ij_ L^jja JS jJ-L j_i .tf__J____>J 

.cjlSjljSJi aj-Lc ___ ij__c 

(____. 4_-jj_J,l L^jljLj-L-aj 4_JjVlj 4_i_,L-'VI ol «j,.i-»,ll JJLC _l _L»_> I jSL_>j 

1- loJo jf.L^ l _-_-_^oUj--^ t _JI____o.oL_^ J__j J_3 j.l 
(jc ^jjJI — J.l I i~- _, irilj . I $ j 3 (jJol i"i!l^ JjI o "ill 4_i__oL_- jl .L^jIjjLj ^_jjj 
^___ (_-—') — ^ iLjjjjLJI 4_c j-« ■•>■ .« j t-jLjj_L-.l 4_Cj A~_.aj .CjLj" _i jl II 4-C j ^ ~- a 


_-—■!) CjLjjjjLgJI 4-Cj o ■>■ a jl i(— J— jj j j flll 4.C j n ■» « j CjUj_J_j_i_JI 4-C j o — ■ a 
(jj-JLll i— il jij "i iii ju_a i___t_JI _jj___3j . L-j j f j i(4jj__tl CjIj-jLIII __3 J_-Ju 
___> 4_Jji (_-l___-j (jja l_g_il_jj l-iI nj iii -«.II aj-$l ___>.I_JI <__j_>j__JI __]J _>jj in tll 

__a Ij_l_-I »1 n Ull Iju j»j .«C-Ljj jl--» <i U i hIjj I 3 i<-> «t -_a i U mjj i«____ijlj_L!l ii 
_)i j»j_JI LU ___t*j ..Jpreons -_Ljj_Lij-i _,_« _jL_jIj__1J <_1_-IjJI *L_JI _________ 

i*i-r in->j <«4-Jji Cjl «ij m-ypj «_j_9 j__>ji».»j «3j_» : Jj-J- _)-a i__i__*J______-oj CjLcK 

p^JL. ._,„ ,„lnllj ur J-ll __SL_J1 (__ L>j_J l+i. _I_JLI ____JJ J__>_ V i-Li^Li 
<__-_> ___!! __l «JMI-.JI j 1( -L____>U 4__JjL_ J_ol jj (atom) lj_>_l> _ 4jl Jj_> _; jJI 
.ii2lJjI» LJU. ju _) ,J (elementary) «__Jji» 

4_jjL_>J| 4_Lj__jj (_UJI LL____ <«__V j_>-j_,l _>_>j__H I j_k ,j_a -- ■ ^~ j i Ij j-l 
_)lj i3jj____aj 3jj _)_>■ pj *.! A ,. . j j * *.*■ L^ji t(«_-ll 4jjJ_j I j j a Lu (3j-__L_JLIj 
jj-a 4 jlr Lji i" r I Lo -_a (3_—- V L$_>_ _)Li_-Vl _)>i < i ___■ l__jj_i__" ( i » i i (jL_> 

2 al . .. II j j «") : Jj j > (j_j ^j ALa-a _JJ_ JI*i a (3 j< j . ..M <) aj.l jl ~T) __ljj___3 
i(_)Lj_j'_'I |j_j_aj (3_La _ f)J m ~- 4_j_L_jj i_L___VI J_»L_a 4-Cj___J I ■ "> _>*>jJlj 
__il _JJiJJ *(_— Jl «-__>• }La _j-*=-a _)! jL-clj (j-ijjjj-i 4____J 4_i£lj__J 4jL»Jlj 
tfjj— i—u ( i t i r-> > L_«_a l_U_ jjCJ i I gj-llju _>~ Jj— J-J (jr—i 4jj_i_jJI _)^_* *_> J J «"' 

R. Feynmann (jl »i)L_ _jl i_jj JL_a a_ >.j_ __JI 4j_I j"h- VI 4__jj UIL 

(__ (__JI 4jjJ__)» :3jj /j inl.1 -Jijl i f j-L-il Jijj 3JJ)L_>- __ic. j_>L>JI 

..J.iMJa-yi J_-l Vj -_«_>JI l^J____j (_JI 4jj__JI 

j-_*j i)L_>_)_ Ij 4 j nUll 4__j__il jjU"ii I_*jI_ J--i-j_>a Jj V "ill _)-_-! _j__J 
jJL_i («j__L_J.I — ^ i i^-i")j — -_L_j_JI j_j-i_u j-jl—ll (»i > ii") j_aj . Juj ■> "i 1 1 j ^j «i » "II 
«^_|jj| j j ,,i rt"i ___C 3jJL_l j-J-S"! f»jJ-JI ~_J ' '--_>-* , -J 4_i--aj a f 

4 ii ir> L^J JL» j ^aJ (_1 II L_jlj__>ij 4 » j jU II jlj_-_ lj i i n _) «i f Ij ((-Cj—J-jII 
_jijj L___kJL_a lj_____. (j _1 _] "j •'■ (j_*-i_ . i-l * 1 "II I jlj ->"■_■ _)Lf> ___JI 4UI ... ,U 
*__(_ Vj . 4 h->jjjJI 4 jii 1 nliill JjI inll (-1—- Uj_l-> _— — — 4_l_jjj__s___J I -ijLJUJI 4jjj 
J____j --JL-Tb (^lj ((__!! 4jjJ_ij L^J i__f.U- (-111 -i_L_JI (j_a 4jIj__j SjLjI JL__I 
4_l_jJ_>JIj 4jjjJI j__slj__JI 1 ■• ■-- __ic. 4 " « >ll I j*.lj ; '." J>1___ (jja jjIj 


uSjijiJi^jjSjjjio» 


1j__j) .4 jiiiLl-SH i_jUji„->JIj) 4 jli^ill 4jL>JI *bjjj- ___j) .4jjj>-__JIj 4jjj_Jlj 
_?■ I ~>- "n il__-jj__- (__jjIj)__^ («JL__ ___& (j'ij « i j__-Vl 4 ii j ii u£ Liii j___ij>j 4__ 
___) 4 ij itil ii « L__Jlj _L_vg£. j*Jj-~ (_,iiUio jj ,„ii"i J£ 4_-l_uiJ 4__!1_>J.I 4"i «jiU> 

. c ___t__>t_ai (<j__ji 

_)L«jjj |-l_-i lJ-JjjlLI _-_LijjiiH Lujui (j-u _J_JI i_jL__JI 4j_j_ki _-J-j L__> (j_o 
((4_jlj_JI) (<__J1» _)lj>l_- 4jL__J jL__>.| JL-J .CiUi ,„->JI *L>-v_ <_-- 0 _____a__II 

__>1 j__3_____« 4i<i .i-> _>i ,t i i __U_j .The Odd Quantum «__uj___JI 

_,_( (jrt in i^i -r"l,l j-JCJ (j-_i_u_u»il (jj"i , ,i ijj 4_t__L>- ___) L_>L_J? j_a _>__ 4 U , ,i i a 

"From .«(<__JI c_.j_ __i_. oLJjljjSJI __JJ __ljjJI _>_.» :_)lj-__ («-^' * __>_^ 
,L_jjL_>. (j_« iLjjjT l;;<l .Atoms to Quarks, Along the Quantum Trail" 

:i_i___il 4jjjjJI 4-j_>-jjJI _)lj-_- (_j_j___jJ , L-ij , „ i __5j__a_j j_o-VI I j__> (j_o .Ijiit _)! 
,_j___j 5 _l 4_L LL_ 1.1 S- rl .«u-jj-iJI ,__JI <JL__. (__. .-JjljSJI _-JI SjjJI _>_,» 
(-jic 4__.lj>i L_jjj>__jj) 4,jJ.11 4__>L_J 4_l*_j __]] _-Jj_JI i_JjL_JI j-L__L_>l -jj->J 

, jjJu>Jl _)j ii->? __3 ^L-aj^M _>_J JujJLI 4jj_j <_j1 iijl.~llj __iljL-_JI _>_-_J > rtJ'^>J 
_,_) 4jJ__ JjLc Lsj i_r_-3j ii< -i _)-u_,j>_- _ru 4_l___j>j _jrtJLl ___l 4_.l___»l La j j Jfl I £_a 
. [(<i_wjjJLl] 4 nKj 4__l_uL _>__aLgJI 
4 1 1 „1 1 ,1 jlju__1 __lc (jrt_»_L__J jjjjjjJlj j*V i"ill (j__JI_*j 4_>-jji (j! ___jj_u Vj 
____UII j_L_JI jL---_ (___ L__il_ JuJUjJI eLljjl (____ (<_^___>j_>-j) «4__j__J.I (<JLc» 
. 4jjajL_-VI 4jjjjJI I i"iaj «L_ji (j_a 4__ajjjJI 3j_-L_il 4_4Jj__-j i_ J ____l_Jlj 
tj_J.L~J1 _jj 4_J Jl_u>JI (jl L1j>£. J j_-Tj) .JL____JI eljj) (j_o 4_J1j) , 1 juk 

Lib _lj»_) _U--i 



C_j_«_-I _,! JL-J V-_^l ^ 
4_«_aL>. __3 _r_J_t— J_JJ 4j__lj_ 4__1__ _ys L_jL_i 
-t_aljj_> _)L_? . J_».lj ___jljj _L—_3 "jj, _)j "r i ii ?jj_j 
j -j___ i J __._,_! 4_L_JI -j^UcJ L-.j-.ifl 4 nUII 
_kj___! .j__lj _J J__c <__ 4___L_- oL_j-__j_a 
i Jli_J1 4_jL__a C_j_j . Iju>. 4_w j__L_ _jL_j__j^a 

. 5j j < i <-> _j_ij_dl cjLcLa __uL_j .*L__lj 4___cljJ_> 

'.jj* I g ir i*'! I __jJI 5 j i nljjjl 5 ' I-kJI (j'.*-^- 

<__ji _jj, __i_ ._.____ _4Ji __ji oijui ^ 

_-__blj t «_p j SJj .Quantum ((__l___1) 

3 , . ,^ 5 j_a.1l "_U1 .<_JU_ jl_j V !>LL_JI 
___] _^yj^___«j 1 jjL_ . L. __- 

,__- _JJ_ _M-_ I n <i < ~r a ahi a _)L_j -3 ' inj 
(__L_Jj«a __3 4 n I" V a _jL_i~i ,„« _jlj _jL_j__j_« 

-jl Jij-Jlj - 3 j ; __JI 4jjJ_j 2 U , ., . „ 

i4jj3_JI » L j j <i 1 1 j iSjjJlj .(L_L_».jJj_~jjj-_£) 

_J_. irnj (J___vj . Ij___j . oL_j__»JI cLjjjj}^ 

_jljj_L« _-_) _jLcj_L_jJL1 .j__ _)J1 (_jjLi_4 i U i ,i 1 "^*"^ |^ ^ ^.a ^ " jT^. 

• ^jj-ll 4__<j____ __JI lj «I U"j .4jj_iL_JI (jj-jljdl _jj__| 


-Sjlj-JI _Jj dj_JI _o 


jLUej _1 '*Lj1SJL 4_ijL_J1 5;,m II __. ,_L)_ __»j l_j>L_JI __a _____ J____-ij 

(jjj-i-T 4_>_il LaJLi '.4 ji n, 1 i^ II jl 4j« j j l-i T 1 j»J—JI __S (_,!" J^jJl 4 i<-i i<-»i_j 

i'ij*.t.tl (<__l__JI _L_j .__.LuL_j.V1 j! 4 j^- l-".-»-VI j.jl_JI _-S :^£j-i-\ — il<; >j 
l_)1j__1I 4 <_j «J, "-^LLa-j -.1 l_-->j Jj — t-_ — -) ___ («_$)_— ' jJj-J I — « J-& (* fl ''J 

a^lijj ((_-1j-J1) <_JI KmKj.j oKjljSJIj c-jUjJjjJjjjJIj l^Ujj___JVIj 
. dllju (jiijj L JSj . 5 j II 

CjL-j i'r->jJ,l (j-a Ij^l «II Lj-i 4 j i^ijjjl _, « i i i 3jl "<i a l-jUIjJj l_1L__i __L_> 

L>.jj_i (jj.l__.Vl (__i j-jl-oj ____ _j_ -JJ_j .4 j mljjJI -__1_-JI __a 4_______lLI 

j inf *-_-L_JI (jj-_JI <_-_> _J--" _P*J— Jl Jij>____J '5-pLu__Ljj LgJ-a j-_st i4 jii ir>j 

4jjj_JI (jj_ ojiii-*.!! ,j^j>j i_gjLjj__«j SljjJJ 4_J__tl __._a____?Vlj ,_;..jLJ,l 

(j! (___) Cij f j (__-__J ... I.I-Caj i— tjlj<H 4_bJ_>JI 3jj___JIj i4 <il" >JLl I g f I jjL 
(_jjL_>Jj <«j____a 4____-_>j '(____! -u 2*1 (_j U i 1 1 jUo^Ll O-SjJI (j___J ,_>-ij— £l 

_JL_> ____ -_! - j=_L___J 1 _,<i j< II jj___JI (<_$_. (___i (3 o«rJI J_»-i (j_- i(<__l 1.<j'iKj o 
( j_______JI v jU_J <_JI _^_-u_j a___L>JI 3 j ojU-TI ____! ^ya J_=___ »-J_JL 

£jj_3 < <ll~ i V a ,___. (j__j ~i -». I , I j i(j__s_jj_>JI l-j5L__J i(j_J_jjJ__jJI 4___ j_a _j. 
J___j (___JI 4_«_ljJI (____! __a JuJl-JI <_JL_i_ <_"j---i <L___ (j_ .4 jiS'illj (_«JI 
i_,ii j<1l ___jj| i_jji_l (_1__ 4 j i ii j\j 3jj____j («_JI ___u__jJL I j i>>j—_ 
(_ljL_yi jl i—La-j allllj .-_ijL>J,l l_I_j__LIj <4 jlj"i a"1l _jL_L_JI j-Ll Vu,iIj 
,4____ Laj__,j * * ~ . ■■" 3jUJL_: ' L_ul _1L_ ._U_ 4jL_i 1__j i4_ij_____ll 
,4_xjI jjl (j____JLI 3j j i ii (j_ 4_3_>L_- i_l iiln"i ii aj —ilUU-r o (___. Ja"i ,"i"j 

.^jLSJI j-l H~lltll L_|J_>J _Jj_-l JjLuJJ (j_ «" I n"lj 

lTjL>JI_J.L) (<_-tJJJ ' I l-i i iij L__j_a J-_>_ ,___JI i . . "('yl l jj_ -Jj^) mi »JL>.| ^aj Ls 
jj_ Jjj_j_ _ ^<" 4_-jJli 4_uL__>LjJIj 4j_^___J1 4_L___II i_jl_ JjLUI _j__>J 
__a (j—Jj ' I _ jMjj-j I _ -r ^iLlaj j_JI _-jjL"La 4jj In it _ F __i__>J1 j-_>j_>JI __a La 
»__alj_11 ljL—JI Iju- .4__j_3jJI 4ji^ i^V"1l jl -_j_L_JI (_=~1j-J1 (j-i -_lj-"l _JJ 
_JI —-JL^J j_J_ . I * ' 'J (___JI 4j__JI L-jl i" f L - jU,.,jtl j»L^LI tfj_- _o < "-> ~j 
j_j__. ^LJjlII _-a ^jU-^lj -_jj-_ll (_--_-_- __a _-_Jj-_- J J <} 0 > 4_^L_-a 


i_*j"nia _;l ____ i cl al<ll j-l_ _*» L__ulj i^__JI --^Kjjj "j>£ _r- L. n-iV~1,l 
£yz .4jjIji"-)LjJI _jV_,L*ilj 4_l__)I L-i^l j i<->ii~<ll _jja (jjj__u ijjjJI i_l_!jl 4__L>- 

(_$j__aL __-lj nj^jjLLJ.1 -jIj__- jjL-«_u j__t_JI 1 j__ ____ i_jL__J1 _.l jl_jII 

__—- i_jI__-)I I j__ J 1 3~i i ii I La Ijl 1 -lj < i ii _ilj__uj . 4_La Ijiljjjuj aj — ■ ii i <->" i 

0 U<j (jjjJI jJL-JL L_A __JJJ t " '' :__L_^LjjJI _>_>j i^»i-j 4_*K _____ 
JM_>- (j_a J_-__-l J-_— > _,__ i_JL_JI __- __lll <«u-.l < i o 1 1 ~____ij___> ~jj___ 

.__VjL_II ___> j_a __-_! a" (__l!l __l j j,,irt"llj .__V_L_a (___ -__jSjJI L^__L___> 

j__1I 1_-uKj a (jLi — ■ j <~->jj _ijj (j_a ("jj>— _)' LJV Jl"- 3 t -!-— ' ' J-— >l J.. 1 i n _-__ 

~— C.I J iri (___ -Jj__lil J>j__ (j-____U _)f _rtJJ IC(_— _i I 'l <j '* i-jV1 <i " i - _VL _--_- 

i3jj— *-s dJjLt-u (j-ajJI £_■ L_jj__~ __u_ajj d_o- j_a 3Jlj ___ 3jJ__a 4jj| j ii->L_) 
(_L-_-_vt ^\ ,tV"i i nLi __"Laji_i1 L— ■ I j"i -- a <<_>.j_j jj? LL__-I 3jjj___!l _, i n" "~t j 

Jj__!Li J__j (jU Ij_j__> __JLL_- j-jj- _-jl__!l -j->-1 <_,_- I j--j t4_ul j iV-Lj 

M-w < ~ . ■ "n _,_ j_>J (__!] <,■<"_ (j^i - L_,l j " --I - j C ,1 a -JSJ i4 i < «- __V_L< a 

.provided gratis [)-JJI 4-vjJ] LL*_a -J ^lliUr l 
_jt-" imI V u m<1 ;_jL__JI l__£l _, in jijJI ~j injil (___> (__JI ISLuKj - _)l 
■ -j<j ,.. M<tl Kji K j all 3j____-i__< 1 _jL__>.Ij_- ^ _>_L__jVI s I j__l -_-jL__- 

1 j ■•■ -_-H s-Lj j 'oi^ i4__2L_>JI 4 i i iii ill -_jjJ_uj i4 j iii jUlit ajj g^Uj 
._-j_~l __Lcj__)j_j 
___c.j i4 » -»- iii 1 1 L^jI a K _,__ (jL-jjjj _)tj_>J J j a 7 .JL j__l ___l 

__J>t1 


I 


>4* 

(j_ tLj j iiIL (_>^>1_>JI p iii "II (-— - ^IUj jjs 

- U<\A (__.IjjJI ,____ ^Ki S___.l_». jrjJL-- 
:Jb L. -<.lj_> _J5_cj ^ A^ 

I Jlj! (jj «LU (j_a _h_jJ «Ul ij?—- _-_» 

(^j-sej 4jjL)_j_JI |»j)__JI Jj "" i ii a (jU j-j_>JI 

Jjljj (j-o 4 i°lirt> ll I 3jl_l j__L_1 i__j_-wL_c.t 

(jj_j (jl J 1 ~i - ». 1 ,1 (j_« JJ-jJ <--? VI i,_ r __>_U 
— Jj""i iul J_- (_TjJ--l 4j inl 11.^1 ^jLII _-_-_? 

L-u Li_l _____]! (ji u t 4jlj i4__fc___1j ~JJ)___ 

-jl n i iU-,11 ,__ oljl__»-jVI (j_ Jyj-tl (j_. 

j_.lj__l j-j__>- Jlc _$-LJI -j_$J -__j_sjJI 

,__)L)_j__ ___-'_' J__j ... LjL__ol i-.Al" ___!! 

^Ljj- ^__. _$? (__ J j"".i i I ,I _v-_-- u' jj^ 1 

-Uj_UI (__fl I gi r i 1, it jllj L_j____jp (_j_jJj 

.„_ J ^i J> ____j^.L_ji(a__ijl) ^^^,^il__^__ 
jjj___J! .___, ,____ 6j __j _.? _J_J| ^^^^! 
oj ,i.Kj_ . I _jj_Jl j___ __J_-_JI _______ (^jdl -' V! •^hM;' 

. L$_.J_ji l^ljw___l 

f»ni "I I in j^ j (jL__" jJI A. A. Michelson __t£_, 


i»Lal -_jl _-.-_. ^.J. Ljj^_2j -_jL-_1__JI (j ii ii t JLa _jl -J (jj ■ i . ._____, i__Jlj_j| ■- l_j j *H 
jj^UI j^_a *j_£j lSjJI jjLJI (JLlJI L.? . f r Lc oUU^^I ____! 
j-U^i ^Lc ^ JoJa L, <j. ^ -^j --i.-- 52 lj^ Lord Kelvin (j__K 

<_,!__. ?J_j ijjj— ui j-iLjj (__----> .4_____.L_j La 4_l_. j_g__> _$_-!! -_--_>_$JI -lilj ___-__■ cL>- 

<_jj_>_--J>M j <^Lj-_J_). I _L_L___JI j ,3 ,;, ,„ll ______ Vl _il , ..-_ <l -_U_ juu JiM _JI 

quantum mechanics (*) ^Si\ _SLu_Li_ cjLi^j .4--=L__JI -.j..,,;II lujl^j 

J-__L_J|] (jj-SJI . ..I -. i- Jj-5- (jL-jJI (j-O JL_-Ij ______ J->L_- -J_- Ij-A -_IJL--j - 

E. W. L-JjJ-a £_ J-4-C (jjjJI .4 ■■■ <Vi Qj ihKj a _jl lJV • [ij- 5 ^-^ 1 >-i-t 

oKA -____.L_-JI -jj-*-JI -lt^UAi j_ l_c (_y_ ^j^I (jjjjl j>_b ,Morely 

_j_-> J£ JL Ji_3j /**^ 4_j__L_-JI 4 j , nilll 4jj____1 JL__i I <, j «l __ > _L_-u_'l j-5--=- 
.(***) tJ j > ___J| ( j > _J1 Jjljl ^ Jjji Sj-.L>. (j-iKj) (j jmKj - 

^Jc cjj S'< i.iI ___. L$K |_sj_-__JI -_j__wL_Vl ijj-LII _>£; (<J ,-_jJl___ jL______L) 

4jIj_>JI aj__ <_-— ->_i _)l (_, . .i ; jj ._;jj1-iJ,I j___c ^j_il_JI (jj-_JI 4jL_j _^->- j---lj jh*j 
i_JL__i_3 - (jljjL-JI _)UL_JL-3 .4___lj __UL_-_jI ___.? L^J _jj>_Cj jl _jj)_ -__>j___*__JI 
/ya I jM rr, inl l_,j_a (jl___jj_) »ljj>JI _-JI (jl jJo-_ L.l_. - _jijJ1 I j___> Ij_>jL__, _)jj->-T 
_-uL>_u_JI j-jLJI LaJ->L_- .-.ly.il l-UI 4-____>J1 y__j) ,<:,aaVi ^l ^ljL-^yi lLlp- 

(____>? JL___ . [__;j^LjII j___c j__u__tlj _jj_J! -_iL>L$j >>__ jj>J__JI (jj- 4_JLc 4__-j-a __ll 
^j ■ jt-l ".-I Ij -Ujj^JI (J_iIj)_3 __)! i °;r,<l («jj ■ r j ■ 4_t>.j)_,l d_i__sL>JI _-__. JjJjJI 

i_-jj-4^ JL>J. oLijLijj __a ftj___JI 4 rij n-v __i>jlj) ,jl>.j>_ jL_>l ___ L«_- . i^ jj 

.(C-lj-JI K/.Kj. : JL-__3 ,-___-___ j^--, L,L__l -_uj__ll -jLiljll ^ Z \U,^\\ Ijl» ,,,j (*) 

.«(-SJ! K j',IC ; . .. 3j-,L__JI <l____--II -I , ~- - I Lipl J--3 5 ; . _, ^l l \_____CJ.| . 5 j -•, !_)< II K .M< ; l l 

-J___»JI ,_-_! L»il ?; ,i, a ji quantity ,,-_j___» -___. _, L_>_l_c ______ _r>_-Vl -_L_-_- __JI ^l L,L>Jji 

.[pj* j_J.l] ijUJI __1_. j_-Vl ^,,,-ilj V ____! L__ln-iM,-j) quantum ,,-___,, -ulS L^ _>4___ <___]! I_,„n', 

--.j... _nj__J JjS/l -_,>__. I _5_dl J_-I___]l ^Lji. -._-*_JI _a_» ^jj-.j Oj-....^- ^_i_-______l (**) 

•[^^l]^^ 1 ^ 

•[(^J- 11 ] j"^ -V cL-JJ -Lj^J-JI (__3 Jjj- 5jiL_;- __,__: ^UI^jl -llj-Ji J------ (***) 


jjul^S i_itji.*>j ,_jj__!l ^JlSj •_- 4jj jJI 4j__j_JI _jjs -iljjl^ i^, i iijUL— t-aj) 

,"u_jj_»JI 4Sj_»JI Kja-jjJ L_L_f (jjjjjJI LkjJejlj £-*-J 4jjIj_»JI lSLe,_jjJI 

3j_aJlj (3 'i*ll) 4_ujL>Jl 3j)__ c?-j>iLja (jl _>- («u-jJLj ,j i .< _ltj j-j-c.j) 
i Lj_bL_i 3_L_jja 3jj i^i j . j)JL-jj La _-J-C. L~l_»_ tjy>j(j na LLS) 4 j i jULLLajj-^SLll 
__!_■ 3j_jJI ^jSJI _Ljl _JLi_ C-.K Ijl l __j__ _,! W_>^« ^ 

Jj-*-« d_uJj i4jj-i u t i i j (JaLuol .IjJ -» ■ _JL_ Jlj L~ 4j| _ , it< ) . |_JjjJI m^ j" mU 
(jSLI ~jj ."«11 jj 4__,_L_JI (<_L>Jl) 4jj_iJ,l __£■ <L_jJI (jjs Juj_- _>_- i.Sti 

« 0 <j ■ ■■>--l)) jj ,n "II I jjt ____ . I J__J_« Ijb 4__l__JLi 4 1 __jj)_j)_l_I jLLVI 

"u_La 4____ JSj ijrt "IU~ u \Zd\ j <jl_-jJI j .' " y (j-SLjj jnll jsJL-JJ classical 

J« ■"" , jJL-c-« La jl 1 11 « Jj>— > __1_ 3_J_e_~ Ls 4_,j__j ">^j — " " ,J_J CjI j "j j » ■ -> 

.(jjjjj 4_.L_ _s__l 3j_UI (jj-LSJ L_j__ ,4U-s1 JS" <___ I_j__- L LISL, 

<_!_*_ ijLu_a ijj ,„ j -j____J a - j - j_i«j 4 j<j ...^ji aj-Ai-yi tf j_. 

_L_jj'I (j»S_j) ,*j)__-l "L_j__j 4_j_L~ 3j_±j___ CjL_j__JI _)j)S_ LsJ__ (J>L)j_j__l 
L_jIjj)___jj I io jitiL-ua Cjj_j__ 4 j 1 1 uill 4jj___ (jSJ . CjljjJI ja-e-sej 4jjL__o 3j j j *i 

. ( __i_ J ____jJLI j-sljjJJ L>jjp__ ^sSLll _Lj_L_- __J'jl,j .(jLjJI - U KX\ -__L_J j*_._l 

.-jL-SUI I j_t 4-i__ jjSjj MjjJI ^jj___>jll JSL__ (___II (<__JI KjjKj- 4___- 

4_wj)f _,___j VL«_».I jh_j (ji ,L_jJ_-j ijuj (jl JjJj ,Vj)i i____L_J,l (j_s (jj>SL) L«uj 
3j_u£ 4_>.jjli L_> j "n'i i__j)__.j) .__cSJIj (_SL__MSL!I _r< 3 . nill (j\j SjjLillj jjjLjJI 

Lajjj) _-_jj pj i.i-w j_j_Lj C_>_ 4_Jj_»___ 4 jUni CjI <ij ■ n SySteiTl 4_sj)___3 

.potential energy (j-J-^) jl^ 4_>LU 4JIjj 3jj__« ^jL. 3j_ oVL_- 


-S J I^I._-II5 J _JI 0 _. 


4«*fc_l? 

— a (_g 1 ___) __»-Ij_j (jl La i ii tjSL^j i 4jSLi_uiM5LI I jkill 4 0 -v j (j_o 

.(__=.j___!l x _J__Ltl = _J j___JI 4j_-<) momentum _J j_»_ 4_l*£ _gi . _ . . ■ ^ 
4_»j_ 4^1 angular momentum _fjljJ1 4^^: a+S j__-l_ _J (j__u ,j__l_JL 

L__J? ij_L«J I Jl^J ._Jj___'I 4-l«_j £___jll -J_ Ju _gjljJ1 _Jj___l 4ja£ __^j_ij - 
_;j t ir-> 4jL$j (jjs ^Icl 4_ajj- 4t injj» 4_iU_>j pj iii-stl 4_>j_- 4__U_> j__Lj (jl 

_;jlj_JI _Jj_*_JI 4-±a£ (jLa I Kjjl<.j a j__> i^j ^ Lo! . _-4_kJI L_>jjl__j 
«sL__L-» ,__4_i idiscrete (4l______a) -_j_s__a 3 nt _ L__i_j VI j_>.l_ J\ _, < 0 , _ 

JL=__a Jj___I___ ___c bl «~ir I .sLjtSL- L.Ll_-5 4_aL__JI _>j_Lj __U_l_' . quantized 

_j j.nrt'1 jjul-j ^jJI discretization ___>J.I J_____J1 ji ^j-*-_JI lj__> ..j__i 

.f__JI -LlIISL- (__ quantum <__)! 4____ jL_ol ___wji ^jJI j__ L i _L___,M_>' 


,_-_JI .j__-j 1 ___-. j__._l -^j__JLI (____ ,__!! l__L,l__d 4_JL_I__-I 4_______ll 

ol «_■■■-, -_aj____l 3 , ,„;1L 4ji -_Uj .3 j<j „ai_]l I^ISLjJLI (j__ Uj_x»j 

_gj j t " - 4 U , „1 jj 4__>_>J 4j! _,]_ LoLu -_Q -r a L^_?j___ 4JL- (jj-o d , . „ \| < 
i_j|ja<j £-__jljJ,L 4___I_>J1 __>LLJIj .— jl o j,„-^JI j_l»_»J -dj t'i 1 1 4 j<_ij ^.'/.j ll 
4-aj___J.I State «4jL>-)> 4j____j (j| (j_Uj La _)j__ (___JI (___- 4__u>J 4ji ___ _Jj___1 

■ 4_aj \r> i 1, 1 _yo J i r-> -r i LSLtaLijj 4__)j_ca (jSLaj Lo J_-i I 'm i i"i _— $-> t4___*_JI ____ ___ 

L$_ijj__i («jj i La__jj_:j .(jJjljJI _Jj___JI 4 j«_?a .4_)L__JI J_« ._Jj_-i __iLa_ _JLi_» 
p . .. n (jjl 4 j^Cj in^-CJI L_^__jII ._dj^-__JI 4_j_a-_j j_-bjJ.I ^j_j_i___a 4jVjL> 
LaLu 5j, V t aj 3Jlj--j (jj-Li 2 fc« '■ 1 11 -j1_. S". ...11 _jVL>JI _)l (____«j i4-____-JL 

. J_, rt", ,nl,1 _--*J j___>L-JI . La -_ul_L_jl 4_a_-J ___ 3_J_a_a 5JL>JI __j_J | j| 


_____ U__- -__ j__o -UU.N JU_-VI (___ 2Lul j___iVI -jLUJI _,j__i _,5 ltAM-J 1 
_,t V jt ._, < <jj .-jI inljrtll (____ i_iLjjVI < i.it .j__ jt J_ 1L0 jj__j 

4_t VI . jl JLj_ 4_oj)k;.,ll L.-U -_j_jjjVI lj_$j j_L_JI £_>-- Jj ""■ ml,l _,j)_j 

^JLC. I /i, I i o (jJju l_U-j) . I <jljV"i __Uil 4__JL_I JL>. J— >-j)J V itjLill i-ij ■-■ _>o 
(_J _— oj) .4___Li <L_j_>_ 4_lo_j) pj m> J5 *___j)-o JuJl-sj Jj>*u *-jl_o -Sjp-J) 

i*l miI Vt L_jt L_i___J . 4 jl i ii"n n o _iljt)__i _ijJ_*j j i'i "i 1 1 £_-4J Lo _]!__ _)4->J V 

La _lj_«_ "u_»_j "__>J J_C ___. L_j_*__a j_JL__ _;_Lo ^ j i J£> _,? __s 

. V j-t _U_ 4J_i__J— l _1L_ (jj _)»_>. j>o Lx-t *Ijj_i i_J_*_ *-~_>j>o J—C 3_>J_»_o 
4j? ___ 2 - j ; 1 1 Jj_>- VI o "i -_l 4___5j____o _>— •oj Lo J_» 1 i o i i-> (_-_»- i4_ul_ «j-o 

2 .<, ,„\K1I __j___JI _>o JL-JI ___> L_> iLu_> 4_oj__l,l jjU— _Uj_ .«4J__-J 

___j_, Ijl LaLoj 3____o 4_Jj___ll _jVL»JI 4_j_ (jj—J mJ—JI j)~- ill ___. ■ LoLoj 
_jjjl j___L>JI _,j_j ,| ,>ijt L__ ._,itll I ___£) . La 4jjI__jI 4 h-sl __3 -JL_-JI 

-4-»-JI 4JL_-JI (jt __a J'10'j Ijl>. Jj-o-. l_j__J _JU_ <j_J . Ji "' ,„1,1 jj_*j 
jj_-_ U-lj .---j-=-_ _.Llo<j fiji.i-.JI ___>lj_o 4_jli j__»_ V quantum state 
_jj ■ .11 (___ !) 4-jJI o"i -_l -__l _Lu_-i_o (jt ,_-_»j lj_*j _______ _il_ _.VL____I 

____,j>o--_o Lo ^j ,„->■ *___j>i (__JLo__-VI jjjjUI L&ls jj£_j _iVL- _1L_ .JLdl 

(___) L_1_|J__U JJ-—.0 J___J>il (jl_J JjJ-SJI (j_-«J L_i___J j-L_ ~-J)__J_)J>J (Ui-J fl " l o ) 

(_IL___VI j-jjjUI (jjiij _jVL_- _JL_ ._;j_-t 4J.-L _>» .(j______l _lj_ 4___UI 

« Lul L_i_ij__u jLSLo (_)_ ____ pj i ii -»-11 j->-l jj J o "i ~-j (*•. j —i _;_—.! _-_uj__ I ^ j'q, 

(_;__. _lVL- _>J)J>-jJ - — *1 J____- V JjjjLC -jVL o". --I _JU_J) .L-L-l j nll *lj->-j 

_)j__ — -j_- Ij --"11 4-_-o< (__i_- L___ul I JJb .. i-r inij . — JJjj) aj-_ (j-_j i U i nj -Jj-Lo 
(—11 o"i --VI L_g_«jjj)j _)J)<_J) i-jVL_>JI _>__»_jj — j)__bj)j 3_)Jl__o (_!j_a_lll 4 j o < 

. 3 Jj) JL5_0 ^_1__ SjljJLC _jVL__-l it-l IIIJ)JI ___) JL»-J)JJ) '_Tj--t _lVL-J L___Uj-__ 


iSjljSJI ,_JJ 5j_JI o» 


(j_lJj i4_l_ J_>. ___ _Jj__j».j _, <ij "i-- 4_V __ll o"--*-'l __u__jjl \jJk .Jj--iJ 
JlcIj-. j j a Ti .-___ _»_-. >L-__3 .-__=j___J.I -JL~ _>c 4Lol_. ^ L_jL.j1__-> jS/ 
^__<_ j_i_>l _j " »" * lJ_j___ I t i\n . lj__ 4__-L>JI — _i <l i fi -T T 1 jri* l 1 (jji q"-_ -M ' 

j__jj (jl -j-LJJ -_1_-jJLI ____> (___> LJLs- («-^11 (j_-l ._U_ _l_j oL__j_i_.jJ.I />j__ 

. __!l_JI J-ULl l(j-rjii->jj j< <j 4__-_u ___- 

_-__l__-e_- j2lj_-. (___> detectors __iL_.Li_L- £___jj ,»__ lj___t ji _)_»j___>l 

4___»J J-ic 4_-u__ 4_i__-> 4JL>. __i. 4j| (Lo 4-l_j_Li) l_3 Jj__o («jmi-l. "---jj-o Ij l^ll 
(jl _-lc LJju I ju_ (jL_l i_r-i_o i_iL____a ^(j___-jl jl) Jj t-i iiU l_L_ . 4 ij t a 4-j-uoj 

stx-.ui ______ ___ __l ,m<U lj__ 4U m.j _; jJI j j -.11 ___ l_j_>.j_- jLi. f j ■" V 1 

.____ , rtM.<ll ,-"< J i ,. __-J--JJ l_JL_*_-_ lj_>-lj_ _____ (jl (__1_J lj__ . I (jjlj jl MiU 

^j ■ ..--II («J---J (''.j-»- 1 ljlj__3j ljlj-o 4jj>~<1I Ojucl IjJ iM_j_-l 4j__1_ (j_o i_>->J 

__L-1 m.<U _,V 5j_L___ (jj<" ... 4___L>JI £_L__JI _)L_ ,4JL>JI _>___. ___ L__il_ 

4_>j t 1,1 _)j . 4-jj T-"ill jlj-_J _-lj_- _J__ __^L__-Li 4 ii I", V - __ltlj_3 _,Ut"i __)jj_ 
I j m U-jj il-JL>. _>__- £_L_JI J^j_u _jL <j__U -i*___ V («__JI 4_JL_>J 4_oL-JI 

______ (__JU___VI jjjj-JLi 

fe_utt-!t-»-» 

IjL». j-j-i" ■» __1L_1_-I £jjjJ 1*1 _,j<j ___JI 5JL_-J1 jL IjlJ.1 lj__ _, ■"-.<" > 
__L___L_u_J 4 j i nilL (_r_JLl (j__jj_c. j-jjj I <■" ~- L^J jj<J i__j__. j-__>jj,l (__L_.L__| 
j__sjj.l (j-> (J_- jij__>_ -_i.l__-V __>. (_JLl_> .(j____JL (j____Jlj .i_Jj_»__1I 3 j o< 

_Jj_-l jrljjl _--C 4 i,iii*i Jj-UI L ,-r i.iijj ._-__)!___ "i_JL- 4_>Jl> i-Jjt'11 4^__,j 
L_g — uil j > jl L_>J — uoj jl !__$______ 51 — o _><_4J _j-JI -_l J o<H _>_o 4 ij t a 

i.--*-j __-JI Sjj.m.II "LiL___J1 ___ 4jjI__JI -j__ ______>. j_.j .Observables 


.Heisenberg uncertainty principle _a_j>LJI jf ^Lhj^' _>+>>t!-» 

3_us 4__sjj 1( _sji _l__l_- _jj .-.Aj.M a.j^ jj_^ ___j i-j^i ij-» 

restriction Ijul-l-j ^j^j-Li, j_>- J< Vj . L$_l _ (cSJI ISL^LSLw 5_uj ___ 4_uL 
(Bj j ,<N) 2l:Ll_JI f I , „ -_>U 4 , ,„;IL _J_JL JUJI 4_L_ _,j_L c ; v.' Ll 
_! .Mi, ,^jU',,i,t _»*_-- .4j_L_!l 4_l_jJI _L>JI (___ UIjj (___!! macroscopic 

. Jj_Ut 4j_v (OJ*_*j 4_>j_~__a _Jji>- 4j_I___J iiJ j t ",1 1 4j_»Sj £__»jil (j_o l_-jJU 
_,L_ (_oJJ1 _;j 1 niU __ic Lot .4j_L»JI <___! j_c VI JSJ 4_ ! __L-' 4_aL 4__Jj i_JJ_j 

.(-Li j_*j __ic _£j-_-j _k_u^UI Ijujs 

4_u__ai «_dU«_ftji 

iSi - _-o :4____ll «>->_JI JS ___ ,j_i_-! jl __-■--. _ru r L-JI JjL_v_JI 

lj-il aj_>_i V . L_j_lCj 4j.j _OI 4_i_t__Jlj hjjJJIj .JSLUIj .j<j "Hj ,-JjSJI 

1(3 j -_-_'■ (jj-jj - 4JL-JI «___ LiLiL. jJ (__o. (jSJ .-_l>L_JI olju_L__II («JLc ___ 
i.Sj -- .microscopic level ((__jj___„jj_LJJ) tj;j-*->J.I _gji ...11 _-Lc >L___ 
4 K ■ „ a — j Uj (jj I j__ (jLa ij-i-T (jjj___JV LLu MjLc-o >L__o La _ijj IJ ujSL 

_,! _-t! - j j ; •'" jL>. I il - SjL_,VL s Lj__,>_l >________ IjL____ c___I j _ ! j? 

Ljjji (___i _JL__> jjjj-jjj 2 j-i-i I nj ■ ii->.j .(jLSLil I j__> ___ L__> _j_*.j_> 1 p j , n-hll 

4_Jil j_a _l _U_ . U_j-_>. L4I <*SJI L_jj_L_a (> -jjLUJ „j__ . I jSUj .[kla] 

-JLL_> ,_;j__-VLij .4-Jl a l-J _aljJLI _)V 4-___- j__lc j_a__JI |j__ __ic jL-JLl 

(j_o (_jjl Ulll) 4JJ4JI j_a _Lal «lll («SJI LSLilSLLa jjU i « (j_9 Igj'^ i_jJj V 4_jjL_L« 
jjjCj 4 ii j<i c (jL>-VI _t___-i _-3 (jj-SLi CjI ijo ii-»"itl (jl ^\ ._,^ j 1 jJoL-j (jjj 

JS (jl jj_ -_i_->U_J Vj-l3 jj_SVl j . 4^j__JI jl _>_ jl_-JL j-LUI _Jlj_>U ajjLa 


_ijl9-JI _J!5j_JI(j- 



U" o j*___j (j «i i^i J_-Jij' «J-1jJI <__ 4__jj__ll 1 j ... -.tl 
___- 4J5I o-. « cjUj.jj_JI JSj .L^Lj Jj__ V oLjj___JVI 
JL quantum field theory ^aSLl! JL_t_- 4jjJ__ __jj_j 

.(ibj^JI) tJjL__JI _>_. a.nAjJLI 4_Li__JI .j^J Jlc-jJI 


c^-m.I _-j_-JI 

jl > 1 j ■ ■■ > I nl nl' La 3j_ I j j« _,« i~> -jLJ-j-C __!l -_J___J,I I j__ j j r..< 

pj .,.-*. _jL_jjl _jLJ_>_ <MjJi J_-i ___ J>Lx_4___l jl JL>_ :_JJ_ J_L- '.j__-i 

^jj _,_ (_>_l L*-> jjjjj^jj J-lj) (jjj__JJ _jL_jJ1j .(j»jjlj _ 3j_ 3ljj) L_Jf 
,_-!L_ <___• . y Ji__ ___ <__J_ £j_ <__ (____ jj_j_- _jL___Ij : (3 JL>_ j_» j__l 
s j_ _Jj 3__1__JI (__ parent 4_J__ _ I 3 jjjl Jj___- [3 j a ,_c.L___yi __L__JI 
(__ Jj____l l___ Ji- j__;.jj _j .______- (-_Laj_ ^jj _j|. daughter SjJj 

_;! ____-j3j . y - radioactWity <_. -L>JI < J _cL___VI J_L__J| 3JL__>. 

_JL_4_ .decay (JjLs- « .xl ji) « Jl>_» a_J___ L$jL 4_uL__JI __1_jL-JI _ j_* 
<__ pLl-y-j P j a (__.L___,VI __Li_JI <_____- <___ J>L»____lj JL__ J_«__IL> 

__L__JI 4jL>- <__ L-l -i _l'ij_a £jj _jl_ 3jj_j 1_H ' ...lj J__>_l 3jjJI r I 

- I j ;< t lt _jL-4J_JI ^jJI ___ I ,"■__ ■ ~ j _i «~i _ 3j jJI _)L_ <_--L>JI (___L__-^1 
(___«!l I j-^jj • _-_-! (jJI (j_u_o <L_L_> __; j ~, , u « ___>__ j j « ~,~> - _JJ_ juu _;j_-_ L__> 
.,__jlj_u_l 4_L_J1 ^gj-i .... - JU i..L - Ji__ 3ji ^ L__jI Li_ _jjl>o 

j__,L__ _JLi_ (j_Jj .L^L__I 3 U mii l$£ 4jjjJI (j___Li«J1) ^ljj.l ■-■■■■jl 
3j_o JjV (_c.L__.yi __L_itl 3j__L_> ____-_.! Lsjic. .4-i_oL>JI -j_- L^l 3jjj__ 
■ _j-~ ij k"* 3j_i_«.j 4____j _JLi_> _ _jL_> _;j^Lil j ni r «__-L_Jl (jj-_JI 4_>L^j Jj_- 

^-jLj SjjJI <__- t(__-- (j_> : Jlj— _JI lj_b LgjjJ (j_« 3jjJ__i 4____,i _jj__uIj 


J*_- 


JlJ^Ji lj__ ____ 4jU)/I -^" <_1j S(5jjJI Js> cJK Ijl) 4", v iU ol aJ ,, l? .H 

4-_jj4> Cr^- L~JJ---'J "Jj jJI > , J ~\>-J j JO miII 4_v.jjJ0J -JJ^jij _L_o I «i )',<* V) 
lj->- 5j J t ,j-> ,4 i-r nill 4_i_».j_a Sljj JjJ>- Jj-^ _r— " —jLjjjJSjyi jja lia-k 
J_L__JI (jl 3j_jil , a -_i__.| jJI (j- — ■ ■ ■ — 1 I jugj . Sj jjl 4___ pU« ■> J ^ Mi"t l_$j| 

4l___,_1 _ru (jjj ijVIJ_Lij _J1___ w " ,"j 3j_kU_ (jj_ 3jl_i_c ( _ r cLt__uVI 

J__ __!l J a -" 4", t ,iU Cj\ ni i n>JI ( 1 ) : 4__>La- 3jjjl_u (jJJJ~- a L_> ,3 Jj J_JI 

___>_ (___j_C (2) 54_»LI_JI _l_i (___!_• ^jjl j_J_ ..4_«__JI _►_ I^j_j_C ljj_fl _->-_j-_ 

4_vL_a 4A_. 4jLk)!I __ll_ ,JjVl Jlj\___U 4 ,m,',1L SJ1_*_JI __3j SljJI (jj___) 

_)^<t i __5j t",,„l l_4__Jj iE = mc" (jj' Miijl 4Jjl__« ,jja ^ *\ • o ^Lc (___ M__9 

4_-_,,_» (jjS (jn— -"ill JjJjJ 1 1 j nj itiL-l-a 4jjL_U eJJt i_)l tj", i nl j-jj jl Jj-S ___jJI 

.(4j_. j__I) SjlJjJI 3lj_Jlj J__.'VI SljJJI (______! 4_L_,_ _jI__L_ *l j_wL ,_j4_il 

4jj j m, n'itl __l jj _"l j 3j_jJ_>-Vl J----J j! 4_j1c (j__9 ,J__cVl Jlj__JI l_at 

_____ L_a £jj __JJ ______ 3 5. IU'. . ^ljj 4__j a r a _.___-! lil .(__JI Kjl Kjl 

,3j_j_va La 4___>J ___ I j« j-i Jl— ""■ V __ljjJI jl j_>_ i__3__ dijLs .*:._ 
CjjLis Ijl .4 -V a __L_jl (___) Lulj mi r - -___-Vl __L_ - _Uj _jj___j Ujjj 

■ ■■" __j__j _ijL_ (Counter (-l_-c) -lj__a _ t-. . ..ij . i ^«i .-,.-,<\ ^ _jLil - . *i V l 

iC-SjJI JJ>4JJ . JJ-t-J jl i_5j--^ i' ^J- 3 *— 'JJ-^ L*-? «Jj-ia (_jlj__>f) _jl______> 

. JL>_ (jjj jjj 4_j_)L_JI _L->Vl i_ilj jJI JJ_C 1 1 j mi q I m m, ^iUIL J_J (__j__j 

(j^ojjl Ja__j__ jj_j ,exponential 4j1_! SJIjJ ^K-aL-JI 4ji*_. j___s_"j 
.jl_ f __. , _l _u_i (j_jl_>JI _j_1J lj-L.aj> (jj it",ll ljL_____l ilifetime (<j_a__l>) jl) 

_jj_j jl _>_>j__jj :__JLjJI j__iJI (_-__ 4_t__v_JI (jj-J -j^j ■ ..MCll j U i 1 1 4_j_wj _,_» 
(J. 4_.L_JI J___ (4-JT) 4j alUii 4>sjS_*_a __1K (jl_9 . 4-ul U~ a ,j___a <>jj Clljj 

j___JI -__m-»j 4__s_UI (j___ (__a l^jtj^ ,'Kin V jil I jU ,_,<jmiM-JI ,J_JI 
S^L-i)/! (JL-lJI) i'Kn-11 4J_.l_J 4 J -__J.I 4JVI _>_. 


-Sj|-_JI _-l| Sj-JI o" 

Laj-Lcj «(jJI a"i -~1 _)-_» (jc 5jL-C ^L*JI jl_i («_vJI L-jjL-j-a 4jL»-] 
L_j^LL>_i £jjJ t__j__i L^jLa .4_ul U"i a i_3jj_«a <-,-- i 4_"ul U"ia Cjljj 4--j.a - -.a Ijljj 
La j-jijjj (jl #j_U j_jU~i inj Vj i(j-ajjl »1 i>> ilil -_o 4-jJI a "< --I 4_ijj__j 
jjb LaLgj S-aLc "jj irtj 4.3-I "i" i nl _) S> a _ Laj -"jjj "jj.9 '"ujL-_j 4jjL- i_jJ_-ej 
<_--! g_5*J Cy >-H«-J J-4--I J_>__j_j9 VI . JL-__J1 (jJ-e-U j-J-a-U <-^_4J_-JI 
(j| LU* j_i jJL jjJjJI -4 j..nLmVl («_JI KjiKja <-jX im rtii L_jj__ jjt-JJJ £jj 
_-JLa (jj-i _ya .U"« "_5Aj Y J (3 j) a 'lSJJ-J' j'j "~--*i>l ^JjJ 3j ijl""H «I .„">Vl 
(jja I ni (jJc J «i "i ." "i i4 » j iUII ,__- l-Jls-j — 'I Jl-r"ill CjI jl a -I I j j "i < J--Jjf 

JL>_ :subnuclear particles 4jjjj _,jj ol „ j ,„-». 5 I _j^L__JI 
__a jL»j-Vl j___jia j_ui_j . I j_Lkj ,tnoun decay __jjjJ.I J_---Jlj <(_-L o±h^ 

^jojLi (_-"-»■ 4jjj _jjj 4 ij « a Ljl ojm-sl 1_jjj__ 4jjIj 1 0 ~^ (jja Ijlu JjL* _J JLo 
_,] l_3jL__~ |_$jJI ^jjjljj-jJI I j -j ' (jjs) 4_j__a (X i_jL_cLJ j-j->5j _-Wmi1I 

.(Ljjjjj _>_>j VI j_jjJ Lj i n a 4J i <in-iill j-ac (jj_J 

(jl La pini-» "Lc1U"<m.1 _"J_a ^aiJI l_L_uLLJt 4-jJLaI -»■"■ I 4_J-JI „1 ,,, -»," 

Jjj ■ ■■ (_-ic • (__Li__iM__t I jj U i 1, 1 (j_o I "IU a 4 jlr " JJ U -r a -_a lj)_o (__9 JL-J- Ijjjj 

LaLL-j Ji^» nj <L_LL_ j-»-Lv. <_JL_t> (jj_o _,? L<j ...>K ij_-ej (jl (j_Uj . JLUI 
4_jli_JI ol j c_loj,,. ? Jl ^jU-i.m". V ,Sj--, jJ-T jU-j (Ucl j_>) L_j_La 
.j_».L--JI (3j--i--i (j^ energy threshold La ilLU (ijic) ^1-1« (j-a __jjVI 
'-«-* (O 1 * (_r-i *> " t * > ' 1 - 1 <>» ~-Jj ~- * ■ *' 6' ".j 1 -"' ■"*' c-- 

(j-u -__j (_J jJI Ji)l (jL""'"! I d jlr Jj_a_>_ (jt i-j-*J (__-!! i--_" (j-a j-j-?1 4_9_1_> 

jl_-.jj l( o£_l ISLjjlSLJL L_j__» .(4-jJ1 -_il_kjJI jjj lS-iJI (jl_Ulj _Jj_>.1jj (jlSLa 


L___j UJMJw ,'\\ jt ,1 ,< i ,„,1- 3jj_t^»JLl j_t_mi ,___ J__wlj__i <jt 

.tunnel (Ll_j__,) 

;*L-Mt;i_u 

"■ ■ II ■ 4-j_»_J1 j_j__jj__i, 4j_Lt-J, _Tj ; ■ ■■'■ pj <n'i -Lacj)/ -JjLt-a ,__ 

(__ l___l_>_ <-,* *■ - 4j__i_j P. A. Dirac _JIjj_ . t j__l>I ,jjj T_vU 
j_uc 4jjj__JI ) ;L__/_'I (j— _u l_ « « i',l«i •- I a 'K I j .(jy^jj.i j^ll 3j_ ____ I (j iij i U* 
L-jlIcj .j_>JI ujo-^^- 1 5_JL_JI -__LL_JI _-VLv :U_jj _>- .L>__U_ "_-jJUl 

4__? (j__ij <d JjJ-w j- j ■ ■■-■ ; j ■ '■*■ 1 1 __JI __Jj>_ ~ j — ■ J-—J _-_-• I *j j ■ ■■ *~ JLi_.l 

i «I r..~X\ jj_JI ___- («jj (<* .'*-_) " t_>') *L___L__s 4__-___ ,j____j 4_£J i(jjj^_i_jyi 
.4ajjj_»_ i_jj__j Positron « jjj-j-jjj» _,<■■"-! -L__il jjj-_J)M 

— jl «i j, ..-sll jl_i 4jp j , „ill ^a-JI 4jj__j I jm*i ._r_»JI _JJ_ JlLs 4JI_*JI («J__«J (_IJ 
4-fljlU~ e J_->J 4____>L__« L>.|jjl jj-J jl i , ~-j 4_u^_$_JI 4 ',-»■ ,',11 _j|j 

.pj , „ ->Jl "TjjJI _y->U JL--I _,o ,.ij . (5j ii' ,,i « j-J-c. __jL_j jl 4-Lil U~. a jl o r tj) 

4_>Jtjjlj 4_lo___ - j - ...'.ii ji j-.-li .antiparticle _l___J.l ,,,^\\ j___l _jsj__Jlj 

«4i~- miIIii (j_9 (Jj-i-t Lcljjl _JLi_b (jt j__o -'I 4jL_$j (__ C-jj J__j .4 j -^l U.^-ilj 

4iT,\i_,fl,„j L> _JLl_ :J_U.I (Jull.. (_L_ i-jj^SJI 4 ;-- .iitl <_]1 4_L__yL .charge 
-rljjt __Jj 4__>.L_>JI ,-,-»■ ,„;*■. baryon number charge <__jj;I__jJ1 _j__*JI 

J->JJ V lj-4JJ .CjI i-~ miII j_~ £j_j _;t (_L_ 3-1 ij-iU _jl <i j II, -.tlj -jl <ij,„-»JI 
• jjJJJ jil I -I iri a (jjjjj_j-i Luaul J__>. jj Lujj ijjjjj-JJ jL___a jjjj^j , Uii 4 
,_;j_-t 4_j_-Lj (j- .(-jjjjL jJLC 4_5e__ 4j (jSJ iLjjj^ii (jLjL»_«) J-L-La jjjjjjjJlj 
L__3 i|_j_-t CjI nj , „> jrtLI (j_» ' TC^ jjj-jllj (jjJJ-iiJ jl_L___o jl < l j . , . -w JL>-JJ V 
. Lul j 4 ,„<ii1 _L__U ^j,„-»JI I flfli<i J$ jjI-J : JLoj 


(.*-_($ *lt*_M--f 

J__ *Li_.i qJ> UJ^. Ls I 1j ii i _|Lj Jj-SJI (j-a J tn 3 . 1 U Lla j.jii a (jj 

> "i i ii _JjL_ 4_. L__ < ii"n ck ^ I ij . (jjj___J I _u-_ I I lSjj^ J J "' I lP 3 _>*-" 
•(^^jjjj^ 5 JjL> ^Jj) ^jhA? J^JJJ (o^J^) L_jjjj_ 

__ll __Lj)__U i>j__ > * \ ii"n .-in 4 Ijjj . p1j_v _M i»jj_ (j_a 4jj£-« 4-_L_JI _)? Jj-3- 
. Mj^ii".) i:n't I jjj . —jljj (_1_. Ji^i -kj _£_$__ ijLglll _,- _LL_ _)jij J-^ 

ii"itl 4_Ll_Ij)_ij .4 iil"i t- o _ljji — -'^ l_Lj)j___JJ J_>_ l--j) i n 4 SjjJI 

L_jjJj i_jL*jjj_>JI i) j_fc _jij) .oLj)j_j)_ijj i—jLjjjJjj (jjJ _)J_—J 4jjj Vl (jl I -Tr" i n 

(___*j ic 5j-*j»-;I (_;/. ...II ^ .gluons cjLj^lUj quarks ___.jlj>_; ^ _,j£_ 

(j-a _)_> . 4".t i.U ^Jjj VI (jj— -_ojj) . 4, Igll j>— —I 4 iij,'t4 l_>j>__-> (jl L-sL-jI i__j__a_JI 
» j J ■» 1 1 Jljj V jj iSjjJI _)j_ ^ jU-»-" II <_i_9j-li Vl 4__uL_i <_jIj>_j_ <___■ jii» lll 
4_jLj _jLj)_j. __IJ j_aVI 4jLgj __3 Jj__5jJI (jSLcj 4jI __L_ jIj__jL LuLa (<uj__!l 
___ . ^ 1 1, ii i . i j"ijj JLj-O jl l_jJjj _)! I (j '.< «tj 4_uLj (_jlj_>.j) l_JIj>_- _;! .(JLail 

.j»-_a_I -JjLa jj£.j ^j-^i j -jI -_>-jJI -Jjj (jSLI .4_.j__. (_jL__>_) ____Jj_ 
d + t — > He + n _;jj>-Ji J_.L_-J1 jj>__j J\ .JLiU _Lu__, _____ <(j_Uj I j__* 

1 n _ij£-j (jjjJJI (P) UJ^JJ-^'j ( n ) UJLH J J'll S-^HJJ 3_tL-_J jj_*— « 4j! ____ 
Slj>j 3jj>__3 ___) _jLj)SLU (j^< U il jL__j_9 i(t) ^j j "jj_-llj) (d) |»j>jj_ijj)jjlJI Llj>j 
5jj___J| _____ (i) (___i___>J| J__L__JI . ___lj _)jj__j>jj __1jj (He) j» jjl jol l 
aji-ljjl cjI 0 j in-^ll ji jj-i_>j>_J jl i". r - I (__ .»__>.! (jSUj 71 + p -> A + K 
(jjjKJIj lambda lju__ ^j m-wj ujjjjjJIj pion ojjjJI ol qj...> __aj .4j_ 
t_jjj jj j j «" t (ji JUL Ui__u cjLSjI j>_: L^LlI . jj! -Lo__i _>_ oj^-j . kaon 

:3jj>__JI ____ (ii) J_vL__1 fJ il JLu IjUj- ^-JJjL-j^S/l (j_; Ijj .(j-J.ldinni 
S(j_4j Vl -ii jJ_J1 <_!_. (-aL_>l _,j>-u 4j_9 j 6 Uj (j; jJI , TC + p-^A + K + 7l 


J*-_l 


(') J^*'" jj—~' ('jjj^") IIajaLl» J_iJL ..l-jlj-JI «, vn.-, . ..-.»> ,Jf 
_jjj___ t jJU J1_j I iU^ S (ii) J___l____JI j j ... n -1 __L_jj__o j-u^ <J 

j i„inil ._u_ jj SjLcl 4_l___ J_>-j- V >S j- Sp + p — >p + p + K° J_:L___II 
4_±jl _L_jVI CjI <i j i ii -Jl (j___> ____ |__Jj)_____ J__L__JI -ijI jj 4-C j o -> r a _)1 ( j< 
f>j im-».II _)j_o _>t >-£i)jJ 4lin ~- a Juwj. Vj .j-i-l Lo {<> J i.i> _JI 4_>L__VL 
._,_. I o __Jj_- 4jLj__o ____j jl '-4^ (j- 4 4kL_jJ L_b l_.i~-" ,,iI Jl3 71° 
_>? _>--0J 4jj)j_JI _>jJ CjI «i j i n -».11 (jL (_L_j (jl VI *j— II >. ' l l « 1J V .jl in" --L 

V-^J - ^"""" 

4_j_oj_JI 3j_j_>JI j__>L___« (jja L_ljl__ (J--jJ SjLoJJ - ' jHj ' — * ■■■VI lj__ 
,___)j .4_-L__JI 4_jJL_ ■'■! 1 j ■■■ ---'I <-"j ■■■ * (___ j " - " 3 j__U_ 4i<1j .4jjL_JI 
4____J| 4_Jl_c .-■! ij ■ ■■■_- ^.-bj) 4_ijj_J1 4____VI 4 Um.Ijj 4~. t'i iiiU __LajL___JI 
l_LL_C (___j 'J---./VI _)J-Jlj |-JH__JI (_-__$ .((_>.jL>JI *L___I _>_ _>->jVI j____j 

4jjI_JI SL_»JI j AuTTiW j («J_JI j-o 4jjL>JI o}LL__II _>l . 4_j__o (__cL___l JL>_ 

SjLclj 4jjjV|j -_Ljj___JV1 l_L_j__- Jj_->_4J 4__}Lc olj .____. VI (__ (joi-i 

.4_loj_JI SLjjJI (___ _____ -_l__-VI jJL Jl_-Ij <.Ih"i ii.I J->-JJ 4j| VI . I 0 i j">jj 

(____. (___> .4 "ij.l -Jl L-iLj injll ,__3 4-oj 3 <ioj LoLoj 4_fljJl_o 3j__l__ ____ |_Jj---J 

L_l OJ ln-«. (j-0 I, t MiV VI (J-__J (_JJ___JI |M «Mlll (jl L_Uj !frJJ__JI : JLjJl_*_JI 4_a-j 

jVj .,jj__JI 4£.j___j (SI_L_3 Vjj) -jTj-a-L- .phOtOnS CjLjjji) <4j__JI -_9JJ__ 

LK __j_*j Ls I j__j . L^Ij_*_l_uI (_L>_-JI (j.- (jl_- i4___JI 4_9J__c l->Ljjj_JI - jj_ 

j-jL___j -jl j lo r (jja L_> g ->■ a «j_-_JI l-|Ljjj_3 J-j-J i-m _ .^L_j_____o »(____>! 
._;j_-l 4_ljjJ_lj «4jj_>I» jl 4 i jV im"i JLic tj__JI jJL___o ___ («_j 4jj_j 4_ujj__JJ 
4--l ."i j-J-C 4jjLo ^\ . ii y \ 4 U . nljj (j__i__JJ (_L_jj_ l Qi > i f CjLjjj-oJI ^ In *r Ti 
.(£jj .(j_L_JI 4j< hm .(____ ._)ljJ->-) 


JjlsSJI .-II 5j_JI o° 


__j_->' LaJL__ 4_3j__1J ja-- __Jj 4-aJAj (jjjj-aJI -jl It" i»I 3jI nc _jj_$l_ 
(jj_j__tl jkjg n a ,jSJ . ^ , n jULu-4jj_g-JI ^Ljui^U u nnn -»JI j j niii"ll (jrt" iVijj 
j_bj '.4i"»< Mj (jj_j__L_ :_>->->. pj m-fc.j 4 ■ JL_- 4j! (____ j>Aj io_}Lj_- JL_> 

^jl^JI j i 8 -'! 4_uL_ (ji jjlljj . ij<j ...N< oLi_ j__ JL*__ quantum <u< 

j_i__ ^ii inl'^ (j_L_i! L» J--J (_-__ 4jjL>. _j_— i ^— ! (jjjj-lt 4 i iiiiIIj L$jl j J_- ___ 

<jl_-____-V1 Jljj V ,JL_- 4j! __L_ .<j_,j_-__J1 _jj__JI ^j.l -j|ji__!l j* 

l."l'i< (_^JI -jI ojni -».11 _£! . J__JI CjI j <(4j rtjn -».11» CjUj in-*.H jl Sj___ L»_L_ 

}L_a iJjLa jj_- lObjjjjjitlj __Ljjjj_Jlj <_jLjjj_i_J_1 Ji- Aj ĕnn __jjl___ V 

Ijuk j_3_> Jl_j .(__jj_j__tl -Jjlmtl |j__ JLc i'1Iim" V u ijJiljJI (J3j ji "ill 
J_.L_J1 ._;jj_J1 -uj JLso ___ djj. ____ <__j__JIj ij3j2±uS\ _iL___b 3j_« JjV 

: j_» _UJ JM_W__>V (^iiiI l.iVl 

_L__« jijjjjjj + _)jj__J1 + <jjJJjJ < (jjjjjjj 
I j-_j . _L_all jjjjjjjjJlj (jjj__JVIj (jjjjjjJI >_j,.1t-" nilj (jjjjjjill ^JL^jl 
(j^j 4jj() i ii ) «-Jj^J i4_JLc 4_>-jJj JL-3 j--l_ j_>j i_L__J,l jjjjjjjjJI _;! ij_i_-VI 

«:L__iJI ^-Ij _______ .Sj-»Jlj l4l,M .VI 4_.j_*_Ulj c^jM\ J>t__ j_4Jj .SljiJI 

.^jj-t 4____ _JJ_ (j_J . l____lj Ijj! <-Jj-j (jl (jjj (___wjL>JI 

(4o__JI) 4u_j|j_JI 4jjJ_i)l Cjlju ^l 4jj4_J ^SLMj (_-UI CjVL_UI l_a 
_____ . ^ .^" (jja 4 ojU«tl JUj- -I 5j_j__ __3 (__,in jULi«-ajj <j<tl JL_*__JJ 
■ p<ll Kj 'Kj * j ...I ...l .'.j ^" ■ ..I I o.i ir _jjj «II UJ-^' _r- '"'I _; : jj *H 
-jlj >" iul 5j_kU_ j iii A"i1 4jIjLjJI j_Lo 4 j<j aLuJJj-^-JI -__JI 4jjJ_j __i_j___j 
4 a. < 4 *i _i iti (__!_; 4;ij__jJ1 i 1 1 u -»- I j t j jU (jjjj__JI i^n lij . 4_oJ__j (jjjj__JI 

-_■__»_ oj^Lij_i-JI j__j1 i ___jJ1 _JJ_ __- ijUliiajj^ JL»J quantum 
(jj__ _jf Jj>-1 (j_« l_j j--j1 L*j<Jj i 0 <j injA-JI L_}jj_i ,___> LJ 4_jj__« j_j_. eO-*-^ 


.jllll ... ____. ijL>.jj Iji^J ..jj-.! L_jI quantized sLLSLo 

_iVL*_« __1c |»JlsV| __L)jJ__I _jjl_cl JuLtj . L$_-JL$JJ — jLjj--JI gjjj JI-*-« 

i_i_>jIj_L!I - i_£ji-l CjLL_ (j-u _jjo - _j n i <Vi_i Jj-a— -I (_-_-L_il "i ■ i i a __JJ 

. L^ajuijj LjjU-y"niil (jSLty L_jf oj_> (jl V| .CjLjjJLjJIj 

<_ibt*Jt 

1 ~ ■- J___ul j| ___■ 4_jjJ >JI I _j " j j ■ __9 j«_JI 4_jj__ 4_j_) i'i i ii <-uLj 

j__JI ^jj — (_;-- Ltuj '4— Jj i ii a julC 3jJ_) (_-j*j '(jjj ''inll _)j-i— I iy* — iLi_>j-—J— I 
(j-icj ill l__cI (jl— J . ' *~'^ « __cl Jul j_3c__ij Jj— _>J> 4jJL$_u Lcj 14-? _- «l«ll 
-.'■I — . ^lj^ '(j' J _»~? (Jl J< ' "Li <l_Ijjj JjJ <£jjjj_i_ jjjj_ :_)! i miII »1 «l«1l (jjo 

l«_kjjS'l j-jojjj-ti (jjjjl <_j L_> . ^«_>jL»_f (j_a i-jLujj mi«II (___> 1 «j «~- ljjl£> i(__JjL 

_)-« (j_U^L_Jlj 4 «mL— 'I __3 j_J Oj j _) imII 2_j_»-jil 4___L*_a j___ _jjJI j_J < Li__ 
4_J_JI (_3 j_ij --j-jjjjj. 4_j_£ Lo (J-wC-J (___j___,l Jl_3 jjJJ (j— 5 >La La! .i»J-«— . 
ij^ljil (_, in I -- jjC Lajp <ia l_j i- 3jljJ_>JI 3j__JI i "il a -v .«j-a-C (jjJ (j__»jjVlj 
_II j_l (j_U-Ljj lill (j— JU -^" ■ ■■_' (<J .4jjj_JI j__V|j flj^?l (j-a JJ_. L____. __Ij 
_._u_i__]| ( _ ) _J . |jj_^L_jj Ijj-aju ^ lj j - -■_■ -UJaJI i, i 1,1 lj_> I jj-cj"i i nj (jl 
La _Lcj__iJ . £_La — -I -r i i JJ—tl (_r— 1 '■"^L"^ j—>Ij— Jl (j^it i (_-l— 4jji__) Sj—jII 
(jja («_JI l— jjK ja 4__aJ_ La <(j_w iVi)1 l_j_jJ| (fl v "i»,l ii » (__9j <_jj__jL_U (_Ju— L i 
4 «j lUH _,<j ni>-JI J-iljJI JJ--J C"- J^'VI («--JjljJ <JL_3j jjIj i_OJ-__ 
l_U j _,! VJ . j-_uJJ 4-C j__j 4___»->Lo j j__j _xj_»j L_«-C j__l ^g j "i i i i « (jjc 

.(j_L« (^! Js, _)L__-U j»j_JI __l_- j-4-u («J <bj-_«.j_« _.!_? (jj < l _ĕ»<__'- , l ij j " i u i U 

4jj|__) j-J-C (<— — I — _-l— L-« lC^ : * ' n-rti «(_r>> UU— J' ^jU" ni" l_a jJL__j__ 


_S jl9_JI _JI 5 j_JI __ 


^ L__l_ ^SJ\ j_l __JI <jj£_ .(Lj-Ljj^!) LA^_. (j___JI jl JIj\_l_-*>U 

.4J__ 4_.ju JLl^UI 4jj___JI oL.L__-_lj 4.1.^11 L_>jb__l *W 
__II jjl__ I j_> <_il 1 .«II Ju_*. _)L- .4jj_<__I oljj-JI _,_ LJLc _jj_*j L» jlj-c 

3__jJ_>JI J j<*~lt i_,jJLu,i £_> 4__<.}U.I ,_3_L__>_ (____ J_J_> -M Jj->JI (j-0 Lo J_>- 

itup. .ditjJ j-j_1 4___.j_tj c__-jl C__j -_JL_II JL-J-Vl _"jJ _|L_j .j-l-lJJ 4jj4__j 
_Cjj__j_a JJUJ it_JJ j -_«J .^j_u_jJ,I <_r-»L_i j_- I j ~-JjJu Ij-U J-3 ~U_»I 111 n («^jl 
_j_u_ ,L____I juu 1( _jJI (____. Jlju _ L^jl 4jI j_c j-_»-'lj .jlj_»Vl 4_ljj__ (__]l 
1— il -r i^>V 3 , ,„•■11 . ^,^ Ljj_bL_> 1 _*. ilj A ^ 3j n * 1 ,1 n I 3 . ..j ...!*■ (____ SjjJlc 
(jjlrt tjj _)jlj-_j _)jjj|j iL_ojj -_j__»jil (jjlal t*ij (jjjJI (j_, J .«J t1 l (j-l 4_$il 

(jJ L_f J__jJLI (jjoj i4-_j_«--. 4_l_L___ 4____l jLjj '".j ~- ._,altll _Tj * • ■■ 1 1 _,ic 

:^__JI _Lul__t_ («J_>L__« _)OtJ J-UJ (jl j_b £__oljjil I i'4,lg 4 . Li__ I fl|--,l (J_>J-_J 

. L^i-lj-Lj L$_*jL_j (j__ »jj L^j-L» 

,_Xj--M-JI jU_Vt (> L^ ^Cy ,_J (^l 4J_l_ V I (>_ JuJl_JI _JL_* JIjj _ 

jl_j (__JI 4____l _JJ_ 4__>l_-j .[_;_>LJ.l] j ii.f j-l__JI (jj-_JI 4jL^j <_jj__ (___>- 
_>_j (_1_ (^jjj^iiJI jL_>yi Lol .«Gl j Ujja-j <___ ____ jf L-jljjJI 4tj ,U Jj__ 

4j__-JI l-jIjL-i.I (____ __jj_u _)l ij_-__a _JljJ___l (___ i_)_l _4-4JJ . _J-__ J-*_« 

,_,<j.,,M-_l j-jUI _w- 4-lljj_-__1I luL_.Ij_-_.V1 (>ij .L^L-_ i ___j<«_JI -jIj-jjLJ 

(j_> L*_jSj j ji-l_1_JI (jj-ill tLaic L_3jL_l 4_dc j-iju _)l 1 . 1 ~- J _)_i La j-kj 
lj,lirt'ij («J 4_u_i_-JI (___ (_gj _ <Uj_>j L__> j_-_La -Jljjl ->-«-« I j-A _))-_ <j---'l 
(j_u («J jl ■ I (j Ij-aj i*J («Jj i____iL_L_JI __jJlil (jc 4_>.j_>JI "•jl__JI Jj| 1 11 «II 
(jL_ ^jJI (=y __ i _-i4__JI jj____JI (___- J--JI __lc 3nnr L^.1 v_JI jLip. L____l j 

. jj__j 4JL_ (__a Jljj L» 


____!! Sj____LUI 3j .^.nji^m 4-^jl^JIj j-jL-JJ 4l_U <_jl_lj_Lal -JLi* 
t-<j>KjU ^L^I __JI ' slU. g^jJI _j_ __a 4_JL__ "*____. J___i Jljj V 
«-ijijl j-e _Xj ,„M£JI ^jj^iLll -JjLJI pV VJ lj_. Uj.4 ,j,UII(-_-JI 
Ijub ___ ."u.L_ll .-.U jU.-tt a, ■■■•,t l. -<J| islulSjj. jljj»JI i_uj__l i>» 

_;Jl« (_-l_ JJjuJI _£— Uj .— -Jj— — J lj" a 4jl ,_1_ r»Jjjij _J _ , « j i J j»jL>JI J_£j_JI 
Ujjajua - r 1 2j'.ljU...f 4jjjjt J}_- _jjj l-j! jmil 3JU j-u— .1 . Jl__j 3*L_vJI 
.U« ,r< II _>_j -J Ijj .4jj_jjVl (--jJ- <j_u ''■;*! U (_-9j_<_l) u \i'r>\ ii"ll J_jl-__L> 
_>f ,'il ij-- J^-jJI _-a _J-JJ ' (jj^jin <_jU-_J VI _U I JL». Ij-Jo^ (__1j-o__JI 

_;L< <_-ajJI 3jL_.j __3 4jL__U,I -jjJI 4-j__< -_*_». (jjf l( jLj__JI Jju_a 1 , , 11 -x" 
,_1_ 4jU.VI Jl*j__j "■_<_, ...NKtt jjljj.1 _UaLuj ,__ 4j 0 j|,~ 4_o-jjxj 4jt__„ 
<_jlj__aljLi ___ «jufc .(_-bj.L_._l J_i__JI jlj___a _J-j 'Uj__3j ^JJ-^I JjJo 

____ L__jf 1 o ", . - 4_,U.VI 0! VI .4_ H j J _ > _JI cj|jLLLi.VI jl __jj__JI (J_lj-_) 

Jj|__>- _TJ_».I L$jf (__1_. j-LaljLJI i_JJj 4__j_ 4__l 111 11 c_L_ 1 jl_ .— jjjJI 4-_«.jjJ 

. -i_l _Lj_L_« (__I| ^>>-jJI (jj-J "_>>■_- 4 J<J.n>l- L-)jUA,l -jL (jf (j_-4J j_J__ 

,__!_ _,U <_0-»»f _k>I>Kj ^jj- 1 t " j -j-' uj*. ljLl > ("-4* >* c-jjikll _l_ lj) Uf 

(j__j _>jj__JI _j_J _JL_»j ._;jjJI Lg j " 1 1 1 1 1 1 <___. £j_j_>j_l cr- Jo « "j _l 

-__-_« JL- JUuf (__JJ 4___,Juo _^< j.„ M<ll -_JjJI j -_<JI -_1_ 

J__.lj_9 (j! _> a<"i j 1L4_.__j.jLja _, « ; i J 4-j-j_a _Jj__-l t-jl_ĕ.j 1 11 a i_JL_-s 
1 f J-LU l_-j_- (j_a-fl . LaUj 5 j'~ ■■■^j 4 T.Xl j 3jj_>J,I L4-Vj_«_aj -iJI Kj'iKj a 
l^j j_L_j (__1JI 4_jjjJ_JI 1 U 1 i"i 1 njj OjjJI ^L-jjj». c_iJ_j-i < ■ 1 n -ri (jf sj-aJJ (jSLcJ 
j»J___j (j_aj <OjjJI (j_a 5>J-J-> 4 j a< _,-_< _>__i-JI I ( | i r> «1 >>_a <__iL_uj_»JI «ju. 
j_j_tj (_-JI .LaU: 4_Jj_____JI __LI ,„ -«II (j<J .CjjjJI "u_».jjj (_JI _U_J jji- 
(___-!_ -_ijj *L-3-__lj <4_jljj_-aj Jj____a «LSj--». _>a l*JL_. <<4±a_-_L J--!j-- J, 


_s J i 9 __i l -jj6j_ji l __> 

V r a ^i^ ojj ______ _____ s^jJLl oL_jj_>JI __a (10 24 ^Jl_^) 

.U"a ;ll Ijla^j ■ > j-.-,ll jJL. __>_ai *l5>>JI u^i-ipUo^l e>--- I .'. V» 

Jjl- ____ 4jKll __L>JLj_U 4 1 . n -- « j -jjj-LjJI -ljLu 4-af.ljjj («jj _)t u *i'n JntU 

3_JL__JL 3J_;_*JLI 3nl-,UI _-->--JI »1 ■nn-...,VI __.l_-_-a ___. >Ljj-_- . JjjJ_J1 

ij___J1 4 j I <i ij (_jL_JI -■ i i-< i j _)l _, « _i ij . 4_jjI ,r->-_VI |«i-JI KjiKj a J!_a iftlj__llj 

4_a_j__JI jl j Vj _)L j '.VI J„> «l 4__-jJI 4__JL __L__jj (___) -^-Cj. _5_JI 

__S _)Jj_kT jJcLiu _)! I .J-ijT 4 X <ij 4 inni _)i->V 1*1 11 Ijuk _)__. .4_vjjJJ 4gjjj -yjll 
(___ L^ilc ,___. (___JI Ld-JLej f.Lo__ -I _)j_-J _,t ,___ ,__j__JI Jj__ £jL_____VI ____ 
_)i-»jinV'il _$j-$_«J,l _;jj . ..U ____ 4_i_i_. S-uKLaJ ______ ._UJ_ ____ "jjLc . j_)l jjl 

ilUtl i i iii-_ 4_>-jjJJI Jjj-O ___-. _L-*j 4j__j_>- --L-L-jJ 
(___I1 __l_____il _h» _;j__-t _Jj_t ____. 4_p.jjJJI -_a ^ (jj.II JljJll i j- n . ij 

Jj_a .4 j<j injL-JI 4 in tigllj j-jJ-JJ 4__Lj_>JJ £jJ-_JI (__-> _Jj__-ljb J< ■ J_-J-i 
4JL5JI ___jl_-_a .4_uj-4_JI 4__ajL__J <4jjIj_>JI 4 jl . ,->_!! ..Ij-JJ J__JI -__ajL__a 
__>LaL__a .4____-II _l_1j__Jlj __ljLi_J ("j1j_>JI 4_wj_j 4__l__JL) l-i. iMI 4_>jL_) 
I <j o ji»l .i aj l_jj|j --(jia L4J 4 iil*. VJLI -_VL>J.I _)J . I j<__j .4jj irt ; II _ > -_____l 
4.jla«1lj 4jj___JI __IjJl3__JI j_a _LL«_JI Jl__ _)-___ ^l _)_a J__t _-)L«J "-J i4l"j...ll 
4_aj_>. ,j__ 5jLl_- t( a__ La__ .j^l uA->- ,-L-JI _>-J • Uj ^UJI L-jl_oJ J_J_ 
.£j_u_JI ____ i_jIj jJI (___ 4-_l__>JI __VL>J,I p . i.l rt"*i J_ft£.t _gj ~< . m a JLi__ .JJls-I j 
4jjJJI OJJ -Jl a j ... -stl ,aJU j_* J*_.Vl Jljj V., .(«--Jl Cil__L_ J-»-J- __*_- 
.COSmOS _)j_JI (cJLc. j_b IjMc J_u-lj .jljJa^l 4ujj__ 

___ _)L__yi ^l «i* rt>l __-- 5j_c l<3 i .iii'i (_>->j-«J -*jt (__JI Kji-SLta Cjtju J__J 

_j_;.jj| __1J jj__ ^.^Ja ; -ua___JI __>.j ___£ (jjj_j__tl _jj__JI _>_> _-ljVl -_l_JI 

.jjuJIj -■ i^-iill 4laK 


_-j___U __ic La Lcjj 4j n-- 4jjlj J->-lj j»Lj ~-j__jj C-LljuJI £—-J d)^-«ij 

j« ,„--il ^Luij» «Ljjja j_- Iju i -s" 4jIj_JI i^jL^ i ;-___jJI <_JJj ___> _.<iltll 
i njUj i_u ;j _,j___ , | ^,,,-».11 5j .blackbody radiation o___,_M 

(_lj--JI) r' - — " (>o J_hv ^f 3 Ul-,: ^ a <» 4___i_M Cjljjjj 

Ij inin^l L_-j__-j_a j_uj __Jjj . _;jlj__ (jljjl 4JL_- __- 4j_La (jljj-a-j _UL>J.I 
_j__j_ __3 £jlj _-jIj_>. (__S___al_j_ j j i ,1 n"i JjL>. (j_a j n", , ,il J-3 4j1 _'l .4jL__J 
3j-j-« 4j _jj£_< _j! > ,->- j . jj jJLll (____ 2JI___ l m,VI 3_L_i, _;l .< njUII (jl -L_ul__- 
(j-mJj , i U n-* 3jlj_>JI 4_wjjj JJj-jJI (__-_ gjl a"ir I 4__ul__al (___- (j_a__i 4j inl ii,} 
Ijl_J .4____jJI j-jlj L~ jjkj ,_jljjL_>JI 3_l_a £jj (__Lc _j l( .L_CjJI _£__, ___- 

-_L-1 j nll 4_____ 4__jL__- _____ .at stake j_u_>JI 3 n Jfl r LL____ -_jL 

j___L_JI (jj-_JI 4j-Jjj Jjj- _<;__j__!l i njUII (jja 4 iil"< V a *lj-->-? _-ic 4-j-lJj 
j_>Oj < *j Ull |,\ g ) J_ij_JI (___ |_gjhi II L_jL>JI (___c _; I f "II _>L->j -j <" r 

j-Lc, l___j__- __a _JJj __a Max Planck _lj>L, (jj-CL-- __j_iVl __jLj j nll 
_jj_- Lo _>__J ,_JJj j__u ji _>? J______j 4 j«il«H LL__3JI < n i i_3j_uj • * * 

(«i iii -».11 < njU I 4 jU tll ^jLllJI __>j__>.1 __j>Li (j_»j t" ml .__IL_JI j_k jL»jLj 

(__3 - 3j__lj 4JLJ _j_i jLjjj V 3jj-».j 3j_l3 JjLi- < n",< « J^jej J> L__u_l j , _)j__u _M 
jjL_ill j_a LaLaj (jj-jJ 4_jJjI 4j_L__a <__---• j " t j jl ,j--_<_jj (jl — I r t Jj.l *- 
(__j__La _>_, 4-a«.^La 4JL>. _j-~-~ _j-a j__il ' *j (j_? Ij_~ _)L_ ,__Jj j_~j ^j^jUII 
(j-a ,-,n"i ___ll 4-4_^jil 4_jljJjJI j__3_ , I ^-jlj 4_i__ -__' ,___a_C j->-Tj lijJ-J 
4j_ijj_>_; l_Uji"i inl ___II 4_j_u_JI i__j_i iiiilj (— _JJJ .^jJj-i-^j 4J 4_jL_ JL*ct 
jLUJ (___ 4_JL_JI jj-fi__JI _JJ_- (__L_ l, -w l "i" , , ,il (__- JL_wJ . L_j-_>j_>. __3 (4_iJjl) 
(j_a (j___>lj__JI (j-iJ-J Ijut < ,1 ln"j .4_aLj1 ___) 4__jj___ll 4 j<j m>--JI 4jjJ__JI 
__-j-_->-_JI ,ai_JI (> 4_j_L___>.)f! --^ISLJll <__jlj_>. ,jSJ .4_j.L-__.yi KjjKail 
4j? __L- __l>l_j Liu <«Jj . La J_>. __JJ Jjj_lj__- j-jj-j (__3 4_jii__a Jljj V _____ 


<jK jJI _j__._'1 ^ Mi-*.!! i rtjUl iUj injtl jLuJ.1 <,___c "-Sj-jh) jl 'yLl) ,ji JL. 
Lord (__L1j jjjJJI 4__>._' _,! li-^ 1 ) jL__il _1J_ __L_-_L_l__ .<! _______ 

-_iL__J1 _>« -_ r »_ jLijl ,.__«_, 4__Jjj _,! 4_i_. _,__ (__>! . y. .„L Rayleigh 
<___ L_-l__}_> Ljj _dL_j il.hnii ^i&l L____>__ ___l .__J_ >a S/_u .4__J .4aL__JI 

. jl_u I o j '*, 1 _ <i i i__j__u (__-II L-_lj___gJI (jrit I « I i i^"j I 4jl VI . 4 1 n r « 

!_ i __ u _l <<u-_>JI ^L__-_y (4_jxjj_ ? __JI) 4_JjVl -UjMj 4 «■).,,-> _<j_>.jJ1 -jjjJJ 
.<«__ll SjJJ i_____J 3jji .rlll SjJuJI 0j__ (jjO 

J__L_ (. - < o " < <T >I l_»j]j <£jlj___JI ,___ _Jj-__ jL_*_j_b -_J___J jl SjJJ ,«_!_> <«J 

__!! I— .Ulj lIiLj i-iljjU~.il /.'ij i |jkjjL__ Lal <_l-il cLai-JI (j_) "j j « ■ - 4_s_jj_i 

(j_-J <_jL_j (---_• __L_ _Jj-fcJ IjujL». La -Lu_i (jl 4ljl<ill 4___J1 l__G _jjJ La J_~ 

i__jL_>. (j_o p ■ "l -_il j ■ — • " il (jL_j . s____JI lj__> j__ L_a LaLu I t <'<-lj (j_Cj <«J 

(j_u (j_s < L^J-A. j___j ___!l <3j_ r -U 4___JI _il_ . W • 0 4_1__ ___ __", mmjI -Jj-jJI 

4_i__l La (jl_j .4___L>J1 4 j, null 4j_y__j L__Jl_ 4 j*i -r iJI 4__ljjl n_Tj--t JL__cl 

i-Cl « Mll (j-J (_, l^, 3j _jjJI ^JjJLI (J_>J__JI J_b LiijjLl L-fll Ml " *>! (j_» _)_"< Mlijl 

_jl .41 i<i <ii a 4_i_-U_> |»j->- __3 ilnii J-^-J_ ijl _)^4J f i»__j_ I j < ii j Ul i« ajj-^-T 
<hf = 4_flL__!1 : _J j__l l_-__L__j 1 gi a 4_aj___ J_( 4_flL_. _,|j iqUaflta l_)L___ 
4___j___, (___ Ji__ (jjjJI JljJL-jJI 4 « j iU.ll j___ol jL jj- h ^,......!! C_jI_ __u_>. 

(_>_>! j_>- <_jl j) __Ij_-j (_►__ 3jL__ <> j__ __" M.ijl <__!_*_) .__jM-J _j--<Vl j«-<_i_>JI 
___ijJ f j___)| (j_j .-jUjjjJ, (____) -jj-^i. j__a c__j__ particle - like 4 Jfl jm-». 

j__.L_J| _,j__Jl pic oljl in"'tl JL_-Ij !(_, injUlii ajj g<ll ^L___V1 (j_« lf.j_>. ^l 
.(jh"i Miijl l_iLa_s <_) jl Li_k (j_a . 4_L>-j_a _j__l_a »j i^ill _jl __>L____i (jL_ j mi f 
»Lj j<i II Jjt>- L__aL_- (___JI 3j j^ ("itl 4_>.j_a — pj i n 4_t>.lj_j1 j__I 4jl__i <__jL_ 
.(j_uJ_JI _>JJ_--JI JMs- L^_jfl -__ij_SjJ 


(__j . JiDI _jlj 3-UI Jl £____i)/l <j_a ^l jlSil oj___~I L_a jU^- 

4_jU_JI f>j a<*i (j_9 Ls Lcjj J-iJLi r,--j_al jl liljjLi l_jj__j L_-j_. ,j_a_l Snj"-- 

jl^JI -dJjJ jl j___..l j-a j__-_l I juk <jSJ 3 ; J___JI ol j 3-Lc-Lt 4 , „,;tb 

j»Lc __3 _rw 1*1 ijj *M U" i ii I CjIt jal"ill tfjLA 4ju1" <ij . I n (j i a j_i_-^/Lj _)_. i JuIjJI 
. 4j_1_U ... -^>H 4_j_cj_JI 3jlj_s_U ll-j I j - < L_»-jj_ij JJ-I-u ^ * ^ 
^jj ,*■,--" niU 3jlj_>JI «Lvj_, j-JJU j-iAJ (_*j-!l j__aljLJI __& 4_lCj_JI 3jIj_>JIj 
ajt J (jH*i ,*iiijt J—_»1j .4jj1j_— 4_U— _>-s 4 ij« a 4 j »i< _j ,V*> a i Lajuc _J_-Lo ^ ■ „-- 
__3 4_ujj_> CjL^jjs J-_>u (jt L«___> I J, i< «ii 4j_UI ^L__>--l :__J--I j_*_J1 <__lc 
4____o (jjjjl 4ja<1ll (J_aj_9 (j__U --Ln.jJ.I ffju_ __1_. jlL .f 4J_lj_o CjIjJjj _;_-a 
(_fl 4_)_L_JI <jLi 0 iniij (_jjJI _>-»j-aJI <Ijlj_i_>uj '■(_,,, ijUI i«-jj^_JI ^Ll__VI (_-C 
3jj n-> ,___■ (jjS— ■ (jl -j _><<1J _* f L_JJj-j 4— jjj i_- CjL_».j__a l_i I j U i '<-> I , U , „J 

. Jj%"ll Jj_, ii, (_L- _j_i_- jjjj j-LiT-"i„Lj LuL. _,L_j .hf <_-LU l_jI_ i_jI_-3_- 

1 j__ J--JJ .4j_>_r_J _;jJj_-JI uJJ-LI Ja m,j1 pjn «*i ILi JJ-aJI __jc (jJD-*-' j*--fj 
l__9jJI (j *■> « j 1 1_ujj_»u 4_Sjj_us i__il_i 4 ijt a jlj___l L___»-Lj lj,ij< lj j , „n"i — -jj_»jjl 
<■! al <ll 4u>_Jj___ L_ijL_-ij 5 jC j ...MOI 4\j^J__J| CjLj__>jj (jc Jj-l->- 3jj_i_. _-3 
. j-j-JI __fl f_-JI C-IjjJ__j (j_ i" ' .U 

Niels Bohr jjjJJ-^ l_ 1 |_AJI (__j_4_jJI t __L ! j_ ! _-JI jLc . > ^ U ^Lc ,__ 

(__ 3jjj__ai ,__ji j___i 4jj_i_ ,jt (jSUj ^jji La .Sjjji (__ (_l>-!jji __-_ji __ii 

(jl_*s L>.jj_u jjjj-Lj J-__*jJI i L^-ij-bjjj BjjJI l_jIjj_L>JL 4 i . nilLl .*)kjj__->jll lj_- 

Ernest Rutherford jjj-ajjj •-■-■■■j| p jU.ii (.jj^.;...!! ^jLjlII 4_>.j_-_.I ___ 

4 V i„ i L#jl _-Lc ^jj «i ill Iju* (_3 SjjJI jj-__u . J____5 (j^"i i , ,i Jj_A 4 t i 7i a 3jj__u 
j-_jJ>l JlLc 4_-t___ll 4_j_>.j_a 4___l_j 3ljj :4 j ,„ n m,1I 4-C j a -»- _ o _l lj_>. 3j « i^» a 

(l_-_Ij_-1I J_->Lu) 4i-~nill 4_JL__J lj_V lj_j__^ (_-_>-? l_l_jjj___ll J ((Jliaiull jJ_L_) 

-Wj-^ i3±^° o*- Lij^l "rjj-«--!l I j-* (_-!J Jjj-^jjj Jj-sjj .3lj_JI Jj__- jjj_ 


E. Mardsen ^jL, . u H. Geiger j 7 j->. ._* «}Lj_.j l dJ q ^La 5^ j a 

La J— j) ^'-* 1 ; ■ t~ ^ ^ j ,4_*jj__ L_!l CiLu^iiAj 2 »j "aj 3/. i. « 4__j_j ■ a ' » ■ 

i.j j i < LjIj^j L_)L__I <-,' iVi L_Jt _ il o j ,,,->■ <jt (L__jt _jj__jjj (ji_ot 
_jj___ (J Ijl_>. 5j j i ,^tl -J__J1 oli ijjJI _j_ ! jj___JI £A «nI ■ - -■» '■» 
3ljn-.ll SjjjJI 51 jjjl (j_J . J_iiVlj 4jljj_ljJI LflJl _j| <iin ->,! 4j_-j__Lo cjLal j_*jl 

.£-jlj JJtj ___. _JJj J— ij ,jl I g << <1J (__!l (__ lj_>. Sj^jJI 4j->.jJ,I 4 i~- Mlll Cjlj 

bljtjJ £_ij_J.I jjjjjJI — ^ ~i i'i , nj (jl i^jj o ill Ijuk ,j_L_,t - 'Jjjjjjj ln'i m I j 
(jjj_j (__- 4 ji ill ij^jni^-— I 4_ujjjj_!I __jJ__«JI JjJo (_-- L~J-__« >|-.j'i mmII 
4? j'i1l i-.^ll j_tj .4jj____« CjUj,„->- (jdj Sj-JI i_jl COUlomb j-jJjS" 

-^jjJl «^jj^j (_3 JjJ-ijij -J_jlj ijj^Jl £A IJJ3. 

■ Uiuil j i ~i <■ I i_JJi ^j i^-ij-ll . 5j j ■>» mi « Oj-^Iot jjjJjjij 2ji (j_J 

J>^- JJ-*- ->J-i-« OiLM^] O- 1 ^ lS-H-^ Cr-' 1 LT^JJ-m-a- 11 «jj (jr*S .vUljjJI 

_JL_>. (_fl j j "ni j»jJj_? 3j-2j SljjJI 4_jJ_ jjjj ^jJI (jjj____)/l .(5ljj) uPjLh 1 

4-jjj jj<n a j< j ,„>_-)i (jijij-ajj i s ,Uj .(4j_j__ _jii) 4-_ji .„ -■ « 4__j_^ 

L cl t i'i) 5j <i ~, , ii a ajj m.i 4-— jl mi'iU 4_%__JI iN» j~i (jl i i ij ,4 j i n jULijJLIj 
_Jj__jj j_J___ .4j_.L>_ _>-— 4J 4_L_J1 (__ J___JI lj-_ (jl -J_o_U |j_>j__il 

____ ■ > «'■ «j uJjjj jjj_u ( lJ ;jl_i__ i j) (j T-L j U I jlj__ (___ I j<j i m ^LS" (jjj___)/l 

4__j_pJI _JJj JJj-JJ L-l « miI jJ___jj .-Jj-P-l »1 j mi! (jo iX (jjj__CJVI 4__U_ 

4JL_ (__ __? UL_i .,,4_C_-» 4j_L«j V 3_ujl_ _jIjIj_- _JL__ (jl Vj .4jjIjlU 

. (j.Mi miII (Jj_- 4— j t ~.U (»_—__ (j mi ,— jl ..<JJ— ■ J—ijj—a ,i__-ij_>) j-l i ii ->■ VI 
i__j_ii i(jA_v.jj J-ijJI olji (j-a 4-aj.U a (**J.'J< -"Jj<1 «) 4jjL_. 4_j__>JL 4j__Ltljj 

cjIjIjJI ^j_ (_a 4____ai oljjJI _j_jj__JI _J j___ V (jt 4__j_jJI (_1_ __uj 


Ijl ,*— >j_y _! *>-_- ij^-w ^jj a itl lj-$J L__J_> 4_! _;! .4l____L 4 M~ ^U 
CjljJj- Jl_C -LaJi-. j-i. j-a_l 4"j"-_ (__ CjljjJI _>_J .^Luiyi Ciljjj-J ^ in~ta 

i _ »■ _>__ cjljjJI ^l jjt j-^AJ jju*_a -r_j-_ ,a: : * " discrete ~.i.~ 

Jl_C _Uj____- 4___L_fc _____ j-_J-j l_S-- lineS «LLjIai-» ^Ju ->-_-«-l CjIjJj-_JI) 
(— Aj < Jjj-ijjj SjjJ 4 i r.irlL 4jJl>. J--I 4 K r'r a _JL__ (_, *jt~ll ju- i ,Vi 1 1 jL^JoJ 
4-£)Us J_lij jjjJ__J)?l ll)' ~ 4 ~ a <~~- J--S (j' -J"- 5 ! J "J ~_,> * "' a >^ * 

jl_--___L Kj-*__a Jkj (j! ,> _ju ,___Ll_,,>KJI ojLH^yi -P 3 !_-*_ .^L-iyL 

ijLjj ,__ SljJI ^JJ (_4_u U+JjJ ljL__a __i___j _,! ^jL___u jl J_- ,__. 

(_____ I 3j_-_JI Jlj— - ^L___VI JJjj j^Ju __JLjJLj <(_JjljJ.I -JJj-J j-J-ij j-a < j-a_l 
4_l_-L_I (j-» _>-_U - Jj j iill I j_> _)_a I 1 j r'r (j_J . jl-UI («_t_- L$JjL>- (jnl i""n 
_nJjjJI i " r _ ■»- 1 J J_U .(__gjju jl _-j| .i" _*> j' _,»ijlo __ __a I j (ja_ J jl 4-i_uj -» "ill 
(j__u i__j_> I j a _ iij j! IjJjL-.j <"djj_a 3j___iJ __L___L_JI i»j__ J____JL> (j_____J,l 
(j<_u . nj< L_l__j!j <£_jl__.)/L jUfljVI -____> 3 j "•" ,.. a _jl jjjl J__>- I j<j 

J-J Bohr «jjj» 4j ,»L_ L_ <oljl__>JI (j_a s i . ..i - .. . i ; (_^_>j__j ■ «j . .. 
^jS/l 5j__kJl .jjj-^J)" -_--_-! SjjJ 4_j___JL J_j_I ,___ ._j_i_-il 4l< ri.1,1 
__j__Luj ,-Ij V" ,„L jjj-_-JVI -jljl j_- ,„l j ,4J___1J j>L____)?l JaI_>_ 
cjIjIju. jl i" rl __Lc «jjj» j_____al .«>!__! L_____>j! Lji. ,"_3j___ 4j<j .nj_. 

,_;! JLJ, I -r "1 jjj 4 t iXj _jjJI (»__JI Joj_i _)->j--l j-l :4_uL_JI SjJ__«JI .4jj_Ij 
_,j_j L_|j__ Laj i(«_JI -jl^KJL I "jU (_4J --j a i ,i a) «4__Lj_a» jjSu CjljljJI 
- 1- ^ _■ ___ 4_1_ljl _a 4___L__i __jl____i__) jj-O l__j-_- Ijl^J - — - j - 1 j ) ljj___a 4_UL-ui__j 

L_j -j a.r.U cjL_,1__JI j c La 4j__JLl i<>j'll ^jJLI >^-jj _>* Vjuj .JL_5__JLI 

[cjLaU-JI ^T] '.discrete set 4l,r."a (4£j_v_«_-)) 4__a j.l jsLi. (_UI ,__ 
f L__! ^_-_j _ (jjjj_-J)fl j! Ij_j_a c-Ji! :4_JL_JI SjU-^JI .quantized «sLaSLa» 


i_ J li^l l _-Jj5j_JIC>o 


_ijj__JVI _ij_j _ii CjJ-ej LeJLi_ ___ .--yjaiiill -jljljjl aj__ __>-! (___ 4_j_»_ 
-__u 4-li> .E' JSi 4_U_ _* j" i i i i « (__II j_uij (ji ctjj_u>>j E jlla 4_U_ _-j"nua ___. 

4J_L_J 4_j tv.11 -jL_c.t.;-.j .hf = E - E' :4J_l_dL _j_>_ f 4i___ cjLj_j_ 

_-~ ■'■■ 'j^ L_Ja _)j>Jj_J1 4_LL_ ,__ hf i-.j-- .4_L_J| .UA^ j_J_J 
4jjljj_»_ 4j_L_a 4__Ij_ JL*j 4_jJI 4jj...ii1 J_-lj_) jj)j j___>| La ,jL_j__u 
«jJLL) ' 'j "■ *j -i_-jj>> _*j mjj iM II 4__vjjJI (_-*_ a _>l_- 1. 1 -«■ -U (4_Jjt) 

_jl_jjj jrut-it Sjlijlc __Ij-_- J-il I <;» i>>j ___ Johnann Jakob Balmer 

(j__»j Jlj_>-j j__aljL (__1_. J__l_ 5 1«' m i 1 , 1 i jJL 4_lj_i_5 OLl_ • _)_-_• jj , 'j <j II Sjj 

JajU-y. _j— >-j 5jj3j___j .(the "Rydberg" -jjj_>jJ1) - t_. > .-■ ji _u , 

«JL- u_-_) _-j— _< jIL j-Ll L__jj___a (j_o (<d .4 j M V 3jJJ_C _r_-=».JjJL_L~ 

_]__ J_>-jj _" .£j__ >j_JJ jjj j_- I «J.tu 1j^i_> j__>l J o jU-» c__j__j . , U j U i_.t I 
___«- 4_i J___>UI _>_ _>_J !_i_L__>JI (jjL__J -_j___JI ,jj__L__ . *" : < jjj (j? (___ 

1 jl -i «* -Jl t °t '"-"*; ■ -* 1 4__j__jJI 0Jl_Ij_S (jij i(3_L__-JI -_a (j;l U",ll _<j___>_ (j_a 
4J _ , Jj J_____ --jjjjjjl (jj_-J _)i ^IU" inl _____ . I _*v j in ^L- L-jjj-u (•-—_ (<U^J-J 
.L&J-. Cj}Lj__ JL__I (___ lj_- _>_J (Jj) >L_9 4_)j>j__a C_jl_ -_u_L_yi _jl JJ-ljL 
_,_> ' j-»Vl 4__j__- (___ . h __j>L> 0->_.j ■4_J__j) _)jj--~)M «--__, :IjjJL=-_ ,___j 
. ljLla_a Sjj_«_JI -_a _)L_j_M 

iLaJ__ _, ■ '- 1 j (jVI j_-l J__ («_JI 4jjJ_uJ lj_>. L___j)_aj) I U_ .V. | _,J 
olj_ut_ J a m i " i 1 i j i ii-» . _►_! j__ ijj)J J__lj_ JjJbaJ _JJ ^ij^-uLi^l-JI _, * , n __j__ 

.(j_->.j)j i i d 1l SjjJ 4__L-J1 -_Lj)-i 1,1 a __L_ 4 i i„ lULlUI.-^jj^-JI _jVL>JLI 
.-_Ljj__jyi «jjjl-. ciljj ^-L. (<__1l jl__si Jj--Jj .4jju__JI cjI jjj-JI _*i U , 

_;jjl I juk Ja in'1 LJ-L3 4^n jjj L^Ju-Jj (_ylll 5 j a . -y . l l J_jj__JI __jL_ . I j___j 
,_rt__a (j->j_— 4_u_L>. 5 « j i U Cjli 4. 0 a tL I J_c.lj_JI __iL_j . J_L_JI _pa -__«1jJI 


J*--> 


4__3 __1c («SJI Ltojjji <-.« i>>j JL__ :4jL_--I jjj 4j_L__> ___l JL>JI ,___> L_S LaU_ 
,i_jj___J| ____i 4j_a ___! |_£jJI j I ici «II _j_i-C? («4-5 (jj-U __,^ j ■ ■■j-SJI jjh ."ill 
«jJ_.__JI Ijl^» _______ Lu.Ujo-J ,_l__j____i jjjJ__JI jj_^____rj.-_j_ 1 _JI 

__u_ ,4_al i v ", mlj 4_i_.l j .o. jjj (_L_. ^jJI correspondence principle 

l-JjI i n II L^jI ni a _, nX II Liljl i ii II ijjSLj (jl i . ■ ~r J .l_lJj____JI (J j i Mi (___£ . _)jj__-l 

L*. >__._JI <«_i , L^jl*: <«_ 5 jS__JI 0 J__ .3j^jSJI 4_____II ^uS l_ ) _ , L>. ^ys ,___L__j__JI 

(jjS _>SJ iCULalii-^l CuJD- .4_)L__1I («j-1 JS __1c 1__j_u__ ^iTihmI -jl . ■■ -»-j ^c-Ij^j 

j»j_HJI (jj_i __«_--_ LJj-- I j____c. (jK _v__J .Sjuju- i__L-L>j l_IL__> ___iL_> JjL-JLI 

il___C 5-LO-i ___lj_-j 2j<j,..jK KjaLbj jjo it-jl ^ _JL__ _,_J __u_- ■< iljU,uVlj 
La_i_' iLjj__j LsLc j___c ___jl l__«I_ 3j___J 4 j«l«1l 3L->JI i~i mi«"'iI .j ji ii ii"i1l __lc 
____ajj ,4__j_L_>JI (C_JI 4jj___j jjL-j_aj (»\ M V |___c (__- jjj l_)L_5_jI jj) _ U _ju 

■(^UJI ___J] l"in",l- ,j «II IJla Isidor Rabi «__jIj jjjujji» (___iLj_i__JI 

.«4_-__j)Jlj) 4j_l_JI "jI jll j_____c» 4_jL 

: Lj___I_> _t-_t_jlj_L« jjC _}__>L>_I __3 L__bjJ_i (J_-u 4jjJL>JI 4jJo_JI CjIJj 
4_1j__j l__j_-J . ^ ii" ■ ii a j_>uJjjj_i 4___i___>l j_v5?lj .-;j_jjjj_- 4_______l L_-AJ__I 

(-Lc (___» 4lUf -L_i _-Jj-'l Llilj) ln-».1l £j_^j_J_- _L-tjl ._j j". aj -*' jl" (-, I ii "ill 
!j-4ja j-J-l-u Ls Jl_- __JI J-uaJLi L^_>.j_aj ljj__i___a jLS 4j| (jjj («__jJLj ^YO 
_Cj"i i.ill _-ic 3j<j mMUI ___jj__J.I j___j| -__ 5jls_j (0__oLi_: 4_l VI .j_l_l__JI 

_____ Sj___>JLI __) j_____JI L_ ) L_ J __-i:j t __>ljJ.I 5 jJla (jc __i_-__II y__ _Jlj lv ijjJI 
■ ^j-^JLI ^j-.,„ll _dJ j __ic >l___i j___>j_U4_j_Sj_^__Lu_^l.jL_ (jt o-Li_t 

CjljJjJ JljJl-sj (___ L_)jjJ JjLi. (j_o l_-JL__>j _>--«J -jJJI 4__L_> CjLi)" iii o (jSJ 
.(^j-iJI LiUjJ -JuJL-- ___j__j-« £j-Jj_i_» _>-j-ul . [_ j njUll] 4jjjJI lL.jU--.II 
4JlL («j Lg-ic j_u__JI (jij ij_-j__a j_ic j-*-J _-_C i-Jt_>- LpL-j 4jL__>Ij_l_I Cj-lJJ 
,4-___li -"jjjj_j_J _____ Jj ,(jJjj"i^1 4_)jjLa jjC 4jjL__-Lj 


uSjljiJI^JjSjiJloa 


j .1 oy^ £_-_»L_ll . Max Born «_.jjj o--SL-» J. a". .„1 
jj ji^-i «t SjJL LlLs j_£_.j 'L_-.jj Jj-i-aj 5j'i tiII 4_3jjJI .Gottingen (j-*-_jj_»- 

jj _i J,)A___.j .4-jJJ La j-Slj I <j i rj~i i nl joji i4-j_il j it-iLjJI L-jLiJt (___> 

jjfc j-i-T J-cl i ii a j-jj jjL---JL <M U"i i nl ' J J o "' .' i ii j <j i"' jjL*_jj ,«J .4jL_3 

jl£-_V IjIjlI-I .4_p-__j 5__jj !>L<__j 0 "\ Pascual Gordan o^j^ JljS__-L 
.matrices «-_ l Laj.ii,- l «» -jj_-_ ___) ^L___L > JI 4___lj__. V I_-jjl--jj ^j_tij-u_ 

jj_i (jljjj-k (__.? ' ^j^ — Sj_u_II l-JJj (j_i Ls 1'ij i"i — i~i-r m jj — «LljjJI Jj-i- 

.j_i_i__ t L_! .4 nirt') i_iL__JI j«J__JI j_>.j jl3J • _jj> J J o^jl -_ll. ' ij ~- l_-jj_«J,I 
^-^j (jJ! ' "*• - ' j oj±> 0^3 'Ojj^- 1 i-k-^jj oj& f jU-- 3 ^-c- c-3 

4_SUjj Cjl_3j_fl___il _>-jJ 4_jt >L-L_j 4 . .1 ii'i j»J-3j (jljjj-*- .-^Llj 11 inll 

-__*_! I <i ijl j iVij Mi j i>i IL «_-_> J-—a :^LjL__ jjjJ ^ jL--L_- .5-L-ll inll 

. Jjlii t L-JJj JL_J L-Jj"l i"l o 

.(jljjj-^j ijjjJ cr'! £j-H>-- k (*Loj__jI . j_j_«__jj (_,_> .5j__-L_- __Uj 1 . iir ] 

Jaj*. (jjJI (Dreimanner Arbeit) j-j-j-_-1I p^-*-? «4_.>L_JI JL*.jJI» j___jj 

LSL^K-j — o» j^l ^--iJLJ j-__j___« (_, ii U i ti J-LJ (___! -;j — jjj — j — gj ,<_-_Jl S-jjJ-.- 

Paul __JI jjj Jj_i £___j .«.L_Vl -jl_- __i) .matrix mechanics «.-.1 «j ^ .^ti 
4 Al'iTB_a 4-jj1 j i^Ljj 2_-_j 1____j1 ^j-ijj j _> jl___i jj i o < 4___«L>. (__i> Dirac 

J__C __J| "la j_j_c. --j-ijj-L^J ___L__) Vl i l it ill __ic I inj nib -UJjj .4_»jIjj 
(ju 4__j—_uL__- VI L-fl^l "1 -vVlj <Ul i°ii "II 4__wjl jll -c-_->jl ._)ljjj_»-J ijj^ 

Pauli «i^-JjL» 0 \£ __-j-_j (jl Jj5j .4j<j,„M-L1I LSL__.__C.dl_9 (^SLII l_L;i_L^ 
4__.L_- ._j__xjj_tj_aJI 5jj (_____ Sjuj_»JI («_-!l -bjj__j _3j it-»"i (_,_» J_--JL -s-»o j_s 

(^jkj .(jrL-^Jj I jfl11 4__L__JI l-iLj j" .1 1 a (j-k _-Jj-4-- JLst-a j-Jjb JLI , i" m l (__--> 

.4-cjj__JI ,-SJI 4jjJi_. (> L^»JL_. (j_Lu (J (^l -JL-Jll 


t_-._l!- j_u_jj-^. f L_JI __!____*_ lj_j__ ju^ V~j--_.J>L, lj__J__jj_- 

L« ~_>.jL__ j_^jjj__J 4_t_a_JI (JljjVl ur^j' ^^"^ 4_JL_JI 5 ; , „tl Jjl 

~j__S 4_bjJ_u j_»u.Jaj__i (__!) . LaLaJ 4 ii I" V a f£ ~Uj__j 4j| ____ 4_jJJ j_-_u 

lt^JLH c5 J u ju _--' (—IL-JLi 4__>L>. t >ljj___ 4JL__j ^-3 __ljj__ 3j__ Jjii I d<n»~~ (Jjjji 
L> jj^hi )Ljj_-~ «j-jj- jj» _ruM_JI <___ _JI j__j _;jJI Louis de Broglie 

.| -,j i n -» Jlj 4_».jJLl (j_a J£ _>_>lj_- _U-*u 4_l OjjI *j___JI (j! (__ii (.-Jjj-J _» J J-- 5 ' 

4jjt ina matter waves «~u_La __L>.j_a>> L__ul _JL__> _)j__; _,! _->-ju Cy>3 

eJJk 4_> Julj La (__)} _n~i Miijl _>1— - .oLjj_wJVI JiLa .J_u i_jlj SjLaj La j-a=j (-— _ 
,4l«l_' 4jj__j ijj__> <_- I (j«j i njjj j_>u_jj-_- |-L_>j . 3juj\ll 4__jL_a Lj_e_xj 3j___II 
"JbJjS-i^i ,__^lj .o!jj_-_JIj 3 i^miMwJI i^jlSUI (j__, j__L_JI -LKjlyL-i 
(__aj____) ~__ J __ ? _a ^ V (~___| jj») ________» (jjS_ (__UI wave function 4_>.jll 

.1 ju. J£ £«J !4_j_>.jll dJljJI J_jj__o ^_j ___)| SJjLtll Jj»_-J i4_oLa _j| «i jmi-w 

c-K L-jjl ^ "_" .j_«Vl _-_L> (__j3 LaLjj !<.)« dJljJI _ j_$J ^LjjjiJI <___«ll jl_ 
l^jl __u_- .j 5 -! __!J LjJ .J--1JJ1 Jjl -J_L_U cjjLl>.l j__a .i___aL_ 

CjL—jI _____ . 4jj i niill ju_. (j-yjj l,jflll Sjjj 4_*_i_—_-JI 4_S__JI _L)Lj"i i na ______! 

4_j_>L__Uj i,_jJL±1I J__k___ll _>__tJ -'I («JjJJI . 4j_ j-uu (^LjjjJI j_m_»J,I j_»_Ojj__- 
-u .j»_JI L__uK j a i__}L_*j ■ (j Tr i" ju> (___ (juj-i-Ij -j_jjj_jj_ luL> _>_a , Luajt 
i(4jjLc) 4_3jjLa "U-lji^L; 4__L j_»ujjj__J <Ll>.jII KjiK ill -jj k '■ (j__ j_u__JI 

j_L_Vl -_a -JL___-__ (jl (jSUj (___JI Sjj-tiill j_>. . j_aVl _j_L (__ .L$j J_l__>.i 

.4_-_li- L^jl __i_1 "ju_-Vl __Jj 0-J .^SIjlJ 4j<j,„>-_JI 

(j-a _)L_- .(j-ijjhi II (ju 4___>L___a_J Ojj m~ ___ijJI __Jj ___ _5j__>.i I jl 
_JjJl_ _>£. Ijulj) LaLiJ ^lj-l_VI 4 jlp r (j_^L_T>j__JI ^U- a _i-L_j (j! Jg~ -».1,1 
ljj|_4 L»jj (j^Cj ~i nll i__L_i (jl -'j .((j__u_) m <ll _n_jpa_JI (j__)L_ I ~iKI j j -r'!! 


_"j,9_JI_J|5j_Jlo- 


~-__j! _! J_*j iLjLaj Jl_-Ij <-(___• __jjj tVi I I <jrOL* (jt j-$_- Ls (jl__.j__. _>-Jj 
4_JL_ 4jj_>L_ 4-3JLJ JJ--1I __--■ L_u! Uj_)--f '•-"-ulj <-3>— ' ^^i^ J^NAJLH^ 1 — — 
Jj— — • (j-u (jjo i(j> n l~i V o _hj ir>Lj _rt \ j~i <l"> ->J_~_a L_)L_> _)— JjUill _! _;! ■ _j"i i n I, I 
__- Iju! ( <il~irj V |ju_j 2 Aljj j A 11 "^__L__JI 0 „nil i4i < \4.a 4_ojL$j V (__--! 
■"'■ j (j-a "j-_>L__JI ,____j ' < ■ ^> j I 4_i__i__4 l_jLjI JL.-.I «LoJ— jl » I i I 4JL». 

I 0" r L-_a (j-LaJ (4-JI 4__J_j _T.jL_4 (j! 4_2_l__>JIj .3jL_4_4 I <j X I j 4 nl"^- 4 jj_u 
_-a ___J .<j_>L_- J j"i 4" _$!_> |»j--lj V J_j ~- "II 4_JL_ _jL_-}LL___I "jj-<-> (-- 

__4 _)J--_! 1 3 jj _ij .-_SJI L-L-LtKj 4 _L»o 4 gj, t 1 II j (jjJ— > JLi l_!Ij_VI 4 j 0 i"l 

. j_>o_jj__» (JJJ-Io _-— -■ j-__-_ll 4_j__Ij_4 _JL»JI _>_5jj_II (__ i. 1 1 11*1 Vl 

(j___i___ll _jL_cj! __-_jL_j -___l j ,3-— j ____ j_u!__ILi ->_JI I ^jtKj.a '"-jk-- 
.4__t_>J.I 4_aL__tl _jLij',,i _ LL__s __1_ (_ljVl __l "jiU"II -__-___> jl__ ,"__j___) 

I4jj jin «i"11 Jjl inU 44_Jj_ (jjjj LLl___JI (jjo £j_JI Ij-A 4_>JL__4 _)l__4VL _)L_>j 
4_i VJ .4_L_j.jil j->--Jj-- 4JI.J (-jIjj-j-JI _rj-UL 4±__l CjI_ JjL_J.I 4___U.j 
(_3 1 Y !»__. (jjjj L_j_i_j 4___-^<_»j Uj-i i_jjJl_sJI j j 111 ii"ll jJSjj Lo _L_-j__ 

jJjj (jL_j .4__.j___) Ujjj__- -__ iscattering -"■" 3 j B <ll 4__>J__JI _>_. ___*_. 

j__ijl J l( __JI L_ujKJ. 4_4__11 4-jjj ,,iii'll _J_>L_JL1 jJJ---> _--- __ j__! _jo Jj! jjj 
^-t>L_L4 J-a 5_L- d-jUa _JjjL_- -_j (j-oj .4 «jjUII 4_JL4___VI 4j_JI JJ--_J lj-_ . 
jlj-- ____ j»j_9 _;jJI j-_ 4 mii'i j_>__jj__i _)_> 4_UL»jJI (jj_> (j_j .4jin.l>.ll j__>l jjJI 
___jj| u'rn il j—i_>!j .((i_)Ljjlj l-)I ~- f L» (ji"i inijl <——>lj i > « "i . (ji " in ij I (J-L- La 

jjj •_« 4__wL_II j JIj_>J1 (j_> "jj-^_i 4I..1I1.1 ,4_JL_4__-^U "ol iril.l 4_jJ_j ___t 

(_JI 4_JI _______ L_ji (4_JI I ^jiKjn 4 -r inj 4jL^_JI (_9 __"i ,nij! j__!j 'JjJ jL-J - 

_Tj"nii o jj->jj (jLc.yij -4-_L__JI L__s1j JI_ jj_»__ (j_« (__j l__ji 4j_J :_;__- juu! 

-JLULI l____, Jljj V .(__Lx_,}__ll _aljU .__*_.! 


<<*£! __ij___L« _;_!__!. I^.Ua JC^:.- <?*,_, -..,11 <J1jJ| ^_U3 liU 

L-jj__-I <4j__»J ;___ 4_-ij>___I,! _>£. 4_l_j___« _><_<u La J£ i^-».^! 4J!_JI f____ 
L_jjj La J__3 . L^Sj-ssj '*■! j i*^ _)__ '.'j CjI «i j i .1 -»»ll *-3*-« (j-£ _, j V 4_al__ 
___!! __L__L__1I _ya 4 ii l"i ■»■ « ^JjjI gJ--' Jj-~L-ej JjltYi ___'L«__~I __J- «_-9j < <i I 
4_i_*<j ,-__L__Jlj ,__j_-_-JI 4_j_-_j l j___jll __|_l_Li_) :4_ajJ___JJ L_jlj_».l _>__«j 
. I J__Aj ii_Jj)ljJI -JjJt-ll 
,-JL-JI . JL-J.I Jj , ■„ ___C . L_t 4 j jj 4 ,<i ,„>L_J1 4__JJI -_a _>__3L__JI 
j->jJ X *o» : , Ti^j I «i I , «, n^ij iii-»»!! £__>j>« __]} j^ajJ X £j» : , . i'Kt i_3j)__ _Xji ii^-Cll 
cjJLI j^l"-J j-J Ijl 4 j^jniM-JI jJ__JI 4_j--j _,_) .upj i„-»JI j___j)_a _>-L_i J-_>1_- __JI 
. La _j__a __3 _U__JL Jj--j)_i ^l__>JI _)l ^-4— J _->j)iiil4 _>_L_JJ 4j1a_JI <_-Ljlj_».yLj 

_JL__ r, M l j! _j_SLI ,ij_J,l ,. - , j- _ _>a | > i j i i i -» JI lj_$J <K___tjJLI j j « * ■ « _>-Li_s _)-Uj <(«-- 

KjiKj a jj_j 4^_vj _ys Lol ._>_Li_JI _>_. __jJ_3_L) jl 3jJ---l 4____JI JU_A_] <_».__ 
j fll\i («J La ,._. - _, « La <j_-a __-■ _j_>-j~t j-iC pj i n -».11 (jl_i ,_Jj_i.! 4j_-L (j-s <,«_JI 
_jL_u Uj4 __VL__-I _>_. J___3 __J_*_J _)! «j-all (j--lJJ ._)_-U _JJj __3 4_| _>_L_JI 
__3 4j-rU i nll __JI i-Jj-sl _>_Li_JI ^jjiia (jL3 Ij^J ._Jj_-? _-ljj«"a jl £___jja _>_L_u 
_>c __J_ (j_a Jj-s? __J_-__j _)l _jU", n,'i V (j__j» :-y_uj_j_k Jj-Sj .,«_JI __^__j_a 
_)i (jS_»J V Jii "i iii II >i__ljJI)> :jsj J>SjJ .«4_1__->UI _u_ >l ii * i „ a ^j m y\\ l_Ij__u 

J___4j (J^L) 5j___« -jIj^ __>_; .«4j__.Mil J_L_. __JI Vj j.-ljJ-JI ,-JI ^jjJ 

lojn.iii Li» ^lji (o__Lj_-j\ .«uiji u ■■■■->. Ijjd ,„i Li» :jjVi ^i :j_«Vi ^ 

.(ildjo i"j (j^- V Lijj]» :__JL_JI j«_C_-JI .«_)j)__ lnji.i-- 
1 " 'j 3 k> 1 (_dl KjiK jl j_>Jjju__ 4jIj)j .4_jj«jjL_JI 4_____!l __Jj jL%jL jj_c 

i>L_____J| .Jij __|_ 5jU, 4__».j — « - (-j ,« y 4 j >ljjjl 4__j____L_>. -»j — u_jj 
__4_JI 4__iL-l J->-j) >4jaj i n-*ill 4_j_oL_- _)j)jj)-_]l I i n-rj _;jJI ,_, mj ULli-«j|j^-JI 


ol^ .(_,.. .jUliiaj^gSDI JUJ.I ____ <__JI ijj.'^"'.' ^ i> __* 3t -- J ' 

___i (___ _jj___. 4_ujtj <1jj>j <«-JI Kj oLij --""gl __£__! -JIjj- Jjj J-_- j_t I j__ 

^-j^-jJLI 4_JjL_<u 4^L 3j_« jU__Vl __lj_0 «_-_J p\\\A (__JL_JI j»LjJI ___j .4i, „11 
_j\j 4_s.jlj_Al! 4j__L_ ixjJL_ 4jjL_*_« _jc ji__JI __Ij___jj ._jjj___JjU 4jj _i hmII 
jUili L^Ig-wJ C_1j j_»o_Jj__J («_JI 4jjJ_j (jL_ i4__s_>JI 4 j ■ i ii i 1 1 j 4 jg£JI oj__3l 
a-.j^ 4-jL__. -jj^H __L_j_uJI __l j _j , _L-JI (_jkj ,4jj ,„,,1| ^ __VLkJI 
_j!_j_j 4jj__j (_-Aj .(jjj___JiU 4_)j i . ii I jc_> 4jjJ__i cLi __3 i-JljjJ («-^JJ . tJ--_JI 

^lmj ~J _JI jjj (ji (<__jj - antiparticles Sjl____« oUj .,■-»■ j>*jj (!) 4_ul m- 
.(jj n in"H _JJjj j_aVl i_<;jLi ____ 

. LLj <_jj-___/1j ■-.~..j" __) ^SDI 4jjJ_j Ciljiiil ii.l <__j_i ^ ^TA ^Lc 4jLgj £~ 



<}~~l£~---_-^^ 4^~i^^-i-_ 

.-.^ ljl (jt julj 3-oL»JI 5 j-j-iJI <t-__Jl ^jJI _>j-c. 
i__JU "»j . -"-SM (j£D . 1 j ~ a I j jj~j K^Kj * 

1 'i'iy uil (_"-— jI (_L_ c jj_ iJI (j_~ L-__>- L__j1 

.(Oe^ir ^--UJL -_^___JL _Uj^ JIJh Vj) 
5j_g__u (j-u I j ~ t 1 j '■ *Cf ■ t Ljj_j_J I (jjs i • ^ Mi~r i ii ij 
E = mc 2 cjC, ,Vm1 oj-L-- U-aj ,L_I i V~ ...Ij 
: _H-_j 03^3 

F = ma. (2.1) 

,<dL__JI _____ Jj_j <__j__ < J_____JI I juk ^s, 

L_jjI IJ-JJJ tj—CJI 4jjJ__ Jjjj La j__ i^-J _j_- 

Sj_3 j_ib ____ m d__l__ L_ r -- - -__j__- _-■ 

.<l_lj_. 

t» j . " ~ <— ^--j _J L___j_~ -F -^i-^j—^ _-jJ.i 


_..__ SJj___JL L_oUj L_>j_«jl-_u (j_Uj 4_4 _>->j— a (__lc • Jj->- (jjP <L___M 

_;! .v *■___ j__JI j j «" J.i « o j_ .a (il ti II) ^jl iii "II .(jjjJI _■■' _ * ' 

dv 

Lgji ,;->j_J _j__.'-'L> l^ti^ v j a . F _3jj__-JI ,v i*v,"> .a = — j— ■ _J 

1 i *->_)>■ flL>JVLi (j-Jj nUn^ jljLnlL jJL5»J _* L___l ^Jjuj .«3_ukL>j| » _jL-o_ 

i>L_>^L 4__cL_JI «___■ *vLv_. 1 • ,__ 5jLj__JI 4__j__, . JLdl Jj , ... _Jc) 

•(liU>— "J1 JLa___ 

4JL>JI j_ _ij**» i n 1 1 _|l . j U i iijI pgm (j-a .eLo_____!l j_a j_j_L_> ' *i *. /* I 
(___> ."L-j-jLi. _Llj-J jujhJI . .IU""i 4_Jj_»JI .4jjUI f\ i n-wjAJ *L__u__JI 
4_Cj__JI i-,,„ jlj ,«1_*__J>. (jl ^jj (jjj-jj (j_J .(jVl I. in ,„) U-"_;j__]l 
._;j_JI j_ub i_)L_. (_fl (__i_>__ (__JI (__> .5jjj_l_JL 
_;j_ uL _,"_ 4Sj_>JI 4JL_ .5 j« j. Ull 4JLJI (jj__ u itll lj_jj 

4_J__>JI 4J_j__>JI 4JL_- l_UJ__>uj '.3 o U*iil.l 4_Cj__JI 4JL_- ,___ .3jjj_o 
(jl Cl-l.lJ 4__Lv 4JL>- Jj_-s_o j-tf-_ (jj-*_ _JI Lol . CoLj L_>jljL__o 4_Cj__— ) 
(jl __- J-J-JL t-_JJ *- .j li ir->ll Ljjl ii. o L_J__ 4__j__J! j1jl___o _)J__> 
(j__ __j^j .JLUI Jjj__ (_i_ .4__ lj__ ___L_ _)_j-l (_yl_ 4_i_ojJI Luj_i_- 
(___>. 4jI -JIjjJ (jJJ I ij ^",')l LL__J .___j_u _,-_-. (_-Lj L--L---.J 4_)j__II ^_>. 
3j_Sj 4-j —"1,1 4_)^_JI t—L— _>_>j*_l jJJJ i_ °i j U 1 1 1 j-_>JIj jJSjJI uL (__ 
(_ic "Lj_oj_JI Lul j -- (_3 4-ajjHl _;j__JI .j-a"-! 4___j___- ___i .4_^L___-1 

-JK" --'-I :«JL_> > >L_JI)> _;j__ 4 ,* l~, V c <>lj_! c__L_,_l ^_-S ,__> __j*-l 
»L*-I j-jJu (jjjJI Jj . ...jLJI 3 j_S j j ,.-.'-1 (J-LOJI !4____. 

_)ljL_'i , | j__jjLj_) _L-Jj-_JI 4_jJl_-_j (__$ j — II -___jJI '.SjSJI 4__j__ jljL-_oj 

^-jl^ (_i_ ,v rl ,nj j___j _1LS_L_-VI _____ i,. I « "j _;j_Jlj .SjIjjJI 

. I j__bj I5jlj,,ill 


'i. ■ < .... Ilt t .AH, 

4J_L_JL Jialj-a _,ljn<" _)jj_ (_->! ol .'~'-'l <-jj->u j? LLa. i^mlUI 

njj «i iii v _nj _^_LaL _JI _jrt_ij-_l (jjjL-J! I ju« _______j -(2. 1 ) _>jj_jj 

j_il l_! . _j__i_ L____aj _r_ujl i M " « _)Lj_i ._jj_-VI __ic L»j-1jl_-I jujjj 

B l_^j ^jJj 3j_2JI _)l__ iB p iii ->. __ic F ( A — > B ) 3$_Li A f«_->- 
3j!___.V! j j l F(B->A) = -F(A^B) t _ A A__i_ 

Sj-ggjl i.i *■'■ L__ .JL-JLI Jj . ... _-lc ._»_:L__I ,,L_>_VI __JI -__JL__JI 

ju-»V! _)Lfl -_ij___J.I £-» J_aVl L 5 __U_ fr l__f La aL>_il <_3 Jjj_u_J1 

<__j__>J1 J__»l jj -_-3__i . [j— --I „'m _)__JL_il .L>uVI (^__ ( -vj>j) gjl .."m 

"Lp->-j CrjjP^» 0' Laj4_» _)j£j (jf (_ic (_j--i1 4 ij (jjjjj _)jjL- (jC 

jL-JL! 5j1j n<",1l -J_L_ilj (2.1) _J_L_JLI jujl__JL> L__> («__.il - ij.n.) 

• -Ucf UJj 

_)? VI .3_i_aj-iJI 3L--JI -_-jJi_a 3 o Mi ^ii.i _L__!yL_JI ^jja _>! j_a 
3j_ (-Aj . fr L___Jlj _>->jVl (___ 1jL____1j Vj___ j__Vl _jj-SJI _?___-! 

_V__M_ 3j_i i-..„jl ____i .( ^l".Va £jj _1_ Lia. jJ_jj (_JL__JI) 4_jj_L>JI 

(jM « «"' ^ _ ... jU L-_J.lj 3_uj_3__II _._j__J1 . j_*j (j_c J____5 _4jV (_)_L«j) 
L-jl i ". r I j___ (j__)^L_JI -jIj-jLj <-___l___>J1 ___> . jl_j (j__ L___jf J i lilL 

(j_j -— *J (j__ (_,im jUI <* ajj (j^ II j_jj__JI }L__ _)____«_ L_J_>u Ljj () ~r a 
l___> .(j____3^L_a I «(j iLi _)l li injj _>j__I _rua-_u_>J1 __3 3jjLa_li1 __itjjJI 
_____iL ^^Ju _)f (-i-^-J V ^j_^_>JLl _? J ", i .i t l __ic «J-ua^LJI» (jf (.-L-J 

_nj -__aL_J1 4 « j jh II _fj_ »_j o -». qI _-U_ . L_L_u -_oK11 (__ j— >J1 

^j o -> _ji __3ijjij ._-__ai ij-^j ju_J _>c Sl_-_ _l_j-j a_,jm r i ,„ 

_jtlj L_a ,_;jULI ____ 5 j aj j II oL_j__L_JIj (.j_L_JL -_1___JI __!_ _jj__JI 
-_u_L>. : J___JL j iiti .___jj__II (jl t-i il lj <(_;jj-J1 _)J J J l5_j>-" _L__I 

. 4 J i i.jlrl LjJLo JJ-^_v J ( 4J L_J ) 


-Sjl9_JI_JJ-j_JI,__. 

(4JL£Jt)4*riL*Jt 

__L- 3j_jil Sj-iJI .4jjl_>. 5^2 4jjjL>JI .(4JL__J1) ^jL-JL IjuJJ 

.jJ~VI ^ ,i, -Ol aL>JI __a (LJ_lL__) L^jL_>o (j^)jjL__a __ j t~ ~> '* (jj a i„y (j_a 

J__>L_- Lj-j--> (____L_u _>j-oLj ^j-ij j> 1^1 (j^x_uij>. _;i (j-u Sj__JI jIjl-Lu 

1 ^ (j l "l"Ct l <",'%! C | jl , i ^ ^ ' . t 3 ■ ■■ 1 1 £_ij_a I . . j 1 ^ ^ .".l"X (_j j— l_> 

____ Sjjjil "u_j____ll 3j>_J) jLa <r ___> 1 o g ij i 4li<->L_J1 4_iL__ilj j m j 

(jj___SJI _~J J_-,lj>J1 J-J-JI Jji- 

F = - G rrij m 2 / r 2 (2.2) 

(j| 4-_j_uv J"i <wt 4jJL_J1 3jL_V1 £__>j)J . __jjj_>— iii nL-i __jl_ G <"'J*- 

jj t- (jj>j_J «ij ijJ-- 1 ujjJ' 'j-* (iJLiiJI) -_ij_L>Jt 5j>_> (jjj-b .^jjLa- 3s_Jl 

4jjl_La 1jL>- (jJj jt i n (j_u_La _rl n i n-w __!l j j i"i~) 4j__L_i 3jj)__> __3 Li_b 4__: 

^ |^_k_____l (j__oj _j)Jl~_~ («-«->• L44J Bj A (jj 0 1 ii-> . _$i _nj SjjJJI 3j_Lll 
(«jjj .3 jjJlc 3j_o___> CjI «1 j 1 11 -«■ (jja |jj__~ (-_-_>• J£ jl i"rL ~L_^L_JI o j__ 
.B ___ fijm> J_j A __fl ^jm-y JScrjJ Sjjjil _?J_— J ()Lj_L>jI) __u>J1 

iJLUI Jjj--. <__-- ._L-»J __$_> ilj-J- 5 njt .W (5_i__l__J1) 4_ujL>JI 3j_S 

_)l (jja lj-J__> j__x_>l 3j-_JI i_l_) _)( VI .3jL____a __-_ (jJj 3 "1 111 a (j\j_j_> _rt-> 

lj-v 4-__l 1 11 -- 4jlat a _jjL>_ i_JL__ . I o,/j~^j_- __.aJJ _ruL-_JI _r<j 4j__L_l!l 

___>j .^j^l __L_ L__ j-l ni-»-V1 (j_j (___3___1l) __jjl_>JI jjLJI (j__ 1 /imi^II 
t-.ljJI (yJSLi-JI) (-jjL_>__JI j-jjL-JI u! -«^-L-JI» J__JI c-lj r l ,„ -.VI 

4-jjjl -r ~11 _7j)__lJ 4 _i ini 1L) tfjj_>.j)j J ~ t j V 4 j -j- Jl 31 j -»JI __9 jl mi*i'iVI 
. I^JjL-JIj) (j--jVI jt____ Ji__J (___JI 4____>J,1 (-1 i.i-vV1 _ru 4l_LtJ1 4__jj_J_JI 


(__j_>jLs__JI) 4_JL__JI -j_L!l <___> 4__«jjJ1 3 J-J--JI 4 "j" -- j! ___f V 

(0 ... -«.ILa . 1 _jlf ^m, -v __ic I _ ~,l~, <, Jj»-_-> L$_1 j <j_-jVl l_$J__j_i ___JI 

4_>.j_>. j-l i n-* .Vl (____, 4_ujL>o 3j__j jjjj > Ljjj_2_ (j_»jVl Jjj- . Ljjj_£> JjLojII 

(__JI -__j_j jU__JI Sj__JI . j__ jil j-i^ Sj^j-- I«U<*L 4_it__ i_-_L£ jj U£ 
jj} I ^ -»1-iiii __ic -j_>-j-« m 4___i. ^ ni->. (jl ^yJ-c i_P=jVl I . t j j*i 
. u _>!___ , „..V, R j _>_-jVl 4i___ M ,-h ^ ,F = - Gm M / R 2 -UjUtiL. 

(j-->jVl -jJ-jj-u (Jji- H ^L-ujl (j-lc ->j->-ja U rn i (_,-Lc Sjjjil Sj-UI (__J__«jj 

(j_=jVl j_t__a , „„-,. jt L«jj .3__uL_JI -J.Uil <_<. R ,>___ R + H JM__.L 
(jjSLi -_ijL_*_JI Sjj. (___> j_l___JI jL_ '(^^ j^-> 6370 _£$____-, R) I j__>. j-i_£ 

. ,'i i iijJal Jj>- ^Lajjtj j-se-JI -f Uih _gj"i i n - <j-u _-__- I j J « , r> 
5L__a i__i___ej U jU-jL j i 'n i I <i > ir l_I_b L>.L___jl j_aVl jljjj i_3j__- 

___!__. (j___t___JI <jj£j Ujlic. ,--)lj_JI ___) ._-_C.I <_-Jj i J , nfj j li ~J (jr-.V int 

(j___e__JI j-__- __ic (j__>jVl -- 1-» , ii L4J-LJJ _--JI (j_il___JI Sjj_ _jjS_j _>_>jVl __ic 
. J_U_? __Jj 4_j___>jVt («Lll ~-",1l) -_ujL_>JI 3j_fl j-jjL_J -L-ojL--Lo (_-ic? <_-Jj 
LaJLlcj . 4_u_bjVl 4_jjjL>JI 3jj_ UU- (_-__iM_J I <j i n ii'i _>-L___tl 3j_S ___j____j 
__ic SjLj 4_i-L___l (_>__.M- 3j_3 __i_L>_ d__a_L_ (jL_) j___UI _-_- (j___e__JI IJljj 
JM__ <__icl __Jj ^jL___j 4__lL_j j-Sj-js (jU -Jj _ysj ,4j___»jVl 4_ujUJI 3j2 
^jl , n~,jj (j-Lo-JI •____ Julj 3j__JI -dJj (_, <i", .3j_j____J1 4 j ', ajJ I 3j_l_JI aJJk 
4___>J jJ_« 4j_L»il j j r _>_ijVl 4_jjjL>- l__j___j Jn ,nl __J1 ljj_» (_>___t___JI 
4__,j__. 3jjj_j__JLj ^ju V J_L__t _-JI £-jl ,1, -II (jSJ .[_>_U_JI "___i] 
•__ _-i_-i __JI 4_Cj___J1 (_>___tL__j (jl i Uii — jJl - _ j 4i__jJI ^juk _____ . J___-! 

(j_S__ 4jLs-JI <>j .(j1-Lj_j (jSJj __icl __I1 _Jj____ (j_^___JI (jl ^l) _>_jJ1 

. l_*_l_ _jlj-J-~ L_jljL__a -_Cj___j J___-t __J1 4__j_>J! tjLJJji _L>JVI 4___jj_>- 

. L_>j_>.l __JI UJjl (jj. 4l_- jJI (__i-j-_- JljJ- L_jI_ Ji_ Jfi ..,1 __JI «^jL___JI» 


^jlsSJI^jSjUlo» 


U-jLsj 3j__> (_j__jV| C-Jju j_____JI 4jlju ' ic 5j j . 3. 1 1 (_j.ul g "II 3j_i__ tLulj 

jj-L i^jjj-u (jjjl__J L_jioj • J?- 3 <lv j ° L)j_?j Lcis 4_jlaL_j j_»_- (3jj_«_->) 3___lj 
(__£! 3jL____«j jl j___ll (___) 1,1 « 3j__j (_>_.j _M __lc jjI jLa _|.-iV mJI l___ 
--jj-L* j__j_- _,__" _--U-t tsJl jA-«y jL_ \ o-i n .1 jSL*j ,_L>_.VI 

(j_i I_--j--lj u--jVl -_)j_-_- _) r-.V 6' yd_*V • J-L__.l <_-JI «jL-j» (_>-3jVl 
4±__u -jjLi-J l_L>. 3j_lj£ <_j--jVl 4___- jV Ijl_j. Jj*j iX j-L_j _>--! J L_-lj---_- 
(____»__3 l-J-Il». Jju (__- i "t l j «"■ i i. J _v-L->-JI _L____i JL-J .[(j ^^ M . l t (J-S) 

,J____| (__J| l_g____j___- <___. _j_-j-'l _>I_-J- (-J j-aj l( _j_3jVl _-__. jjlj— « J-J-C- 
__3 j 3" i nJJ i4_Oj_C cL_j| (jr-i-r miII JjI 3"i1 -JJ--JJ Lg-kLsol (jn^<"i I j j t- I j 
.4_A___Vl U_JL_- __J1 jj_.Vl 3-.JC JL*J 4j___a 

ijjjLa 4_jl__ _, ^ ij L. jl _■*■ 1 ■ Ijuj l_3j___Jj -j->-il LL____ (__JI jVI -ijj_j 

(- Mi ->.ll jl _-lc jjjL-JI _— .jj .4_ii__ _j---j (*J L-j .(2.1) -J_iL_JU _-t '_jjjj_ 
___j|_i -_cj 111 1 J____a _dj__t_j -_il__ IjJj i_jj__ _5l <lJ__ j-jJj («J Ijl _>jl mi"m V 

______ Lcjl m") (_. ;«~ _______J,I jl miU ___ -__j__«JI _j! j-^j-i) ^j3",,i - ______ _-_j 

U-li _-__, (___. L__-U3 V (2.1) -Jjl__-il (j_S_l .(Ljli! 3__cj__JI jIji___- _,__: Ijl 

L-Sj__j (jl Jj_-i -Lj_>.jL__ _£j_- J—l3G (*i -»." 4__.J__J JL_- |«l 1 11 -_nII (j_- J j~i^1L 

(___jL-_> jUjLcI ~-j-3j-> <-3 j_«j (jl (Jl__ l jL__cVI ' j"> 3j_.II _jjjl_a 3 «_, _,U 
(__) i__lj -f*n 4jV lj___j i4_cj-u ^l^- L*jjj 1^1 1117.ll ^__.j_« _-_-- 3jjjJLI 3j__JI 
..... !*■<*) ^ (2.1) -Jjl__JLI ,4_lc SjJij-. _5j-_-l ,-1 .,!->■! (jc ___iL 3j__ JL>_-- 

__jjl F 3j__JI (jc 4 1 3"i ,11 a -_)La j - lt a <.jj,l _*__! (jSu ^oJ La 4 o _a 4 jm i~i 3jJl9 

u lj,n^"1l 3j_iJI o^Laj (2.1) -JjLLLI u^j j-*.^! j! .*J-L_1I __1__ Uiorr.*.*, 
,_,Uij .gravity -JLl-JI ajb- ___tj .-__:j---_J 4_«_?1_=-JI -JjL-il jJajj _;jJI j.» 
3jjL__. j>l mi-w! 4__j___>J, 4_i Mi ilL Lol .(2.2) -UjL-JLL (____jl___Vl 3j__JI jjjLa 
ojl-j __lc .i «") j_l Mi ->■ .1 _ j__> _j_a (__lc Sjiijll Sj^JI (jLa _____a 1_jJ_jL_j 


i^Li 4_>ji __v_l__- _.,£_ . (2.2) 4J_l___j uj_ _u_j ■ !*_- js (>_ 

__Jl__ - * j b. ; 1 1 .-.'i K |jj iJL_il J , . , ,. __lc 3 A l~ -i- 1 1 ^ , , „-_l 1 5 , , ,. ;t l . 
j j t". 2'at ■ ..t I !<!!" jjSJ .B (jc ill __lc .1 i,"i«j A ^jl .11* (jLs i(>Uij> (j-a 
(_, *» j i JJ iB 4_j_- iii i n ) L__j| (j~Jj iA 4_j_- i i j i im « tr-> ■rt' <a i (j--J i(jjjjjl -_o 
^ I j ■ ■■ 4^L__>LjJI 4_«JL«il (jj^" £j__JL . I «a 4jj__JL> (j__>j_»JI JjaL-lII 
4JL». <___ I, 1 . j<" «"> j-t-l -■ j ir»") 4-ul iii "»,11 JJ-aVI (j--Jj .(ji o ■■■■»■ 4jL_ ___ 

4_uL_JI __V_L_i1 _|L_ __J_ j' (»1 .m-»I 4_M_ _>_> __jl_j 4_aji___. 

__L_J_>JI JljJ_>_l ___ 4 j < iiLl-I 3jj_i__j 1 1 j n j 4-jjl_l_L>VI J— Jj miII jLjJ_XJj3 
_jL_>_j j-l i n-».VI _j.g-». j_-_>l^a «4_uIjlLiVI __.Jj__JL» ______ j) . ^Lj (Jjinii"n 

Jj_- jjJlj Lo S-^J-S 4jL_- j j " r I ,3jl_-1 j La 4___»J , I ir _£jlj-I1 L^__j_>_ 
_Jj_>-_ , l i__-1j_JI J_J<i > £_o jjtjjl _)1 i V-i j ■ ii "i 1 1 J_J— • (j-« L-_>j"i li a i_) n o mJI 
(jj-JJ .(j.i o m i I I 4__j_>- (jc (j_>l__u ii Uj m i j "1 1 (jjo JyjJLj) . 4JI a i» l (j_-»J 
(_;f 3I",< _,_, Ij j",< j ,<t _) „ -) All "il"< (jj)_jj La jJl-L) I j j "■ < J ■^>' < *i i__-jj-__J1 

______Ljj) ,J_»JI (___ 4_j_>J1 __V_L«_a _)j__ ilju. J_" »_o .i___lj_J1 (j-a 

(_______) .^jl i^jj ) u -r\ i \ - » l jl JUs (___ _J j-a^J _J V-*- S^^ 1 u' * J- 11 

4jjj_s_a lii ii-n ijljjl _;_)" Mi a i>L>->l) __lj__aljL 4" 1 .1 ) j j <i~" 4_j_>JI (jij 
___V.jp L_a j_L__j 3j__- Ol j____ljl_JI .___ jj__ .(jjl ,j « ,n-lj f _-_-.-l 

• 4__.l__a 3jj___j . 1 j ijj->- LajijJl_-_ i j i jj ijl j~if VI (___ 4_Jj_»J1 CjVjL_o 
4^)j_i_jI_J1 __LtJ_jJLI (j_.j ■>") LoLj IjuJL-sj (_>_>L_- La jljL-a JoJ_>_ ___ I j ii j 

.3j__lj La 4-jioj 4___»J ___ (JJjljJI i_Jj___JI 4jj»-J j-j_3jJLI (_,(J-»-"ili 
__Ll_L_o ,<____ (_;t (__ :,__1I_JI Jlj n.ll _)Vl L___j i_?j--l 4-i_-Lj (j_a 

l_iIj_ijL_JI J_^ (j_i (JlJJU I n i ■!->• j i" r I S^jjjjj (jjj_9 _j-i_sj _>_>j_— u jL___VI 
4_i_».jL__ _;j_b jj-^-j jLJLc ^i" <"j (jl cj-oJJ (j ^ . «i j ( Nj -»• i 4_i_».jL>JI 
j j** «-il (J^sjm- I _)"jj il L_x_» Lcjl i h~i « _)j5>_ V 4_l_i («_ (j-«j i4jic 3jjJL« 


j ji^sji «jiji o* 


jj__i 4_4_>.j jj-a _jVl jJ-«Vl j , ", r I j . 1 jl_,L___U _>lj_j L-_? >Ljl3 _jl i„" a 
<L_j_j 4_Cj i ii t __lj t ~jl j ■ ■ _)-_ . .1 -*JI 4__j__>. ____9j_j _jjJI 2 J__kl___J.I 
-iJj -»-" -1 4j_Sj --j-__>jj p . „-»,11 _) I JlA _._<__> I _"jj __">-- • 1 1 *.! ■*:. -1 II 4 1 1 ,1 ilL 
g-jl in" (j_vJ ■ I 1 J ■ jj-Li-o L>J I ^l ■ ■ ..V I (^.L-iLii - j ..■'■ tl ■ ^"inl" V -1 _r*"""J 
._«j_fl -iJ-a-J (---"■ Cr^- (jl-L^I '"U _9-*-y • ' J * L$jLi_-_j i__j___ I 0 (j_> 
4 1 .uillj «^jl .n"» Sjl j 1 11 II i".'iL-T IjJ iljuk -_*j .^jLl-iJ Jj-_>-J J--CJ 
(j-aj .«jUol ^ _ji in*n 4_.t_-j fi 1 ,i-vll _fj-J-_- 2 ___.|__Jtl (jL_) il JLAl mioII 
ij_i_?l ^jn _") .«J-jL-uj J>>-J |-Jl-C.j i3j_) JJ^J ^JL-t» ' JL-u (jl _, -T |«-3 
_jl ^jJLI j^jU- ,„j V 1 V f\ ;-,„ -sJI __]_. -j_3>-_. __>__> -_._.__> _____.? *lj___ 
_L___I (____»__« _;! ___i : Jlj__JI lj__> _>L_j _jt (jj-> 0-° dPj-j ujjL-> J-*-*. 
-; - >-- i <- >=*- ___-. - L__!>L__I J__-j_ j__J -.jjJLSJI lju_ JS_s__j _ji L 
4_l _____ (j-j-L- ojj^ <r^?_ c-Jj " 
__LL,L_JU _.o ,„j -.__.__.yi oLL-LL- J,h n « _j- c-a J 
<y_ >'l. 1 ■*;, _. _>_»! j____VI I ju_> . inertial frames __ U j______.l (ol jU-VI) 

I juk Ji-a _)__J iOLuj__1Ij 4_aL»JI 4 j 1 1 11 i II _j_»--.f JjI "■ a __a ->j--->>. 
* 1 j » j_j__*__JI _)j__-j _jjJI '■l i . »y I jLLsl 4__Li i__)j__j _jjj___a__Ll 1 jL_-VI 
I j-^-j .jLU_a (jlnr l_ijj_-_L-u i__D_.j i4__-L_u (■ U . ,.j - 1 1 4_jJ| 3 . ...:U . 

a^„. 4_ i> __ij 4_rj_____. _$j_i.Vi (oijiioyi) o__.lui l__u? 

-J___. __ic (-,,-iU J__vjUI (j><j V . JUJI 4.j,U, .jLL-)/I -_U jJ 4 ,,„;1L, 
L^jLia ^oj (j__j iL_fcjj__e__> Jj-_- ___1j _ > _->j_ , l___ . _;j j ,^ ° i jUoJ ^yia _)--)jVl 
Jj___ _>_3jVl jjju i-JJi _)_£_ ^L____a . 2, 1 j t ■ II ^ j -r ', 1 1 4 inilLj _jl , .1 "," 

4 1 , 11 i 1L -dj ■»■ "i "i ' Lljj. -v aj 1 Llij — - a J-i-lj _dj_5_-_j _)„o ,"illj i_)„o ,*iill 

^Ljj-^l j „,„1 (jt ,;;<oj (j^.... . Lj^__J V lo_» 6? VI ,s >j« ,11 j _ > _ ? _iU 
^...UJI j j , , i rt",l l ,_ _ V" , , „i ^ .(^jj____a jLL_l ,ys (jjj U_; l_$_-IL_- ____. 



>L__S _, n ->, > '■') _J ._JjJ____JI Jjf _J— _-J (jJj 4_ij_ 4 I ij i 1 ( t ij'< «> 1 j<fl>) 

_>_jVI (_1_ Jii < »t (_lj 4-aLj 4—al jj"i i mLi 4 iiU « ijj^— ^ (Jj.> 'jll *J_£ 0' 

. 2J ^ _[ ■ .. ■ ( I d a 'j **" ' j^. " ' . '' ' "~- I ' i -j i L_jj__« _)>>■ _— — (_--JI 

3j_ ijjjL— 4jjj (__ _L>-J_ • L_> L$_-j__> _, » i ij 4 iijq_, _>j-~' 4___j _JL__ 
«LJ__>J>> f^jj (Jj«_9 _j_>.jj _____u (_,i<i i v> (jisljj-jl (2.2) (__i__JI _jjL*__ll 
L^JjuL) (___JI Sj-UI (ji (jjjLsJI _,_. j^Aj .action - at - a - distance j-J _>_. 
_j_. .i <!", ." 4-*)i__~ 4___»J 4jI ,__ (B (__ic A ji) A <«-__>JI _J_. B ( -... ? .tl 

■_ajA__w jl».jj V .4j___JI _i_ j__ _■_ -i ■■■ --II (j__> 4j___L_!I 5 _ , ,„;TI _'«l ...11 
tjjS-.Sj-, _^j____« LL_ Ijl La? .(j^j----» (jl „ ,, I? JI (j-g Ijl U_J_> 
$4J____>. L_J__>J J__!L jjL-JI (j_j_L J4_> <_w«j-l f» Sjj.'ia 4j___L_JI 4_L__,I 

^(jjj____J I J jj _JI J jljl ____ 4 jj i ii itl 4jjJ_j jj U~i j_a L__— _lj _jL JL_J 

4j__oj (__jLjj j '<», j_jjLj JL_vjj 5L-_ i I jU -sl _>j__Lj jl _> ^ o_> '_' j-_L_II _il 
,____ jJ-2j (j-o l_1L__ _>L_ jjj . »j in II 4__ j___ (j_a J-J--I 4_tj____> jl 111 'm-I 
j <i~i i n~ i__j— _ (j_>jMJ 4_jlj_,l 4_j_>-JI _jl_9 <L_j_>J (jno miILi 3L_t_> _JL__aVI 
(jn <im.1I (j-a Jl ij-'iVI (j-_«j ,_— - ■ Ljj—u (JJ— »J __iLjj SjJ. i_JJ jj 3j_it__a j_lC 

a__<__L-_Jt a_ ! __ J L-_Vl 4_j___jl j w. ,„- V .^j___JI 4___j_luj _p,jVl ,__J1 
(__> jl_s__JI _J^l__!l VI j ■■■ ri-, o? (2.2) j (2. 1 ) (j__jJjL__.l _>_L_-t __1_ 

__1_ (Jj-Jo—JI JlI— 1_Jl_>- ljLla.a j i ~i « j i_^jj__JI _>t (j_9 <<-_jJI _-— - i(__J_(___II 
■ jjjlj___JI CjIjI iii oj <<_-_;ij_JI 4__j__- Jn ,Vi (__l «4_)_L_JI» >_VL_wJI 
.4_jjU.I 4al_l__| j__ljJ_JI (j_a L-jjC j ,-Uai ,..Tl CjL-L-JIj 

4n<ja _5j--l 4 o ■ ., > (2.2) 4jjL_.L 3lU«l,l 4jJL_JI 3j__II (jjjL- j j <i '< j 

. Ij_>- _)J o _Tj-J _« — jl j j_»-'l 4 ii j ii - _,_ I $ i«y tj <4jjjlj jl 4__>jL_ JJUJ 

4 ..■■-«: ^jJI <> J l___JI (j| J__->L (2.1) -J-L-Jlj 4JjL_LI l__ _nj j-«_>JL. 


JjljSJI ^JI 6 jiJI o» 


jl,V ĕ\A _)l ."ij -- ij« i i|-_»ll 4_C_> ^ic J , o "«j V 4_JL_J 3j_> ^jjLHI £___>__- p iii-i- 

^ ____> .aj = G m- / r 2 -J-UL 0 U-j 2 a___ ,.,_,,„,. 1 4___J a 2 £jL__JI 
o_lJj 2 fi,„ -Jl 5 ,*< ______ , i o ", ♦ _. 1 p i,i --11 ^jl <jV m j aiyCll <__j_=- 

j ,,i <ij lju_ . ITI^ ^jl , .,"<» ^ ,/-i"< a oj^dj 3___>L>JI 4_jjI jJI 4-_l__ ______ 

JLSj jl) L_Ij_».! (^y-JI *jj,j .„11 4jj____JI (__ j _-t_.II ^ 4_L____I (jjjJI j-jjLjJI 

_t_j I 1 _ "j i4_j_u jl 4__j___-> i|»Lm—>-V| (_J_ :(_Jj_,I lj_jj - jj j_» (L_lj_».| e_t 

JL_»__,L — <\ i uj _^j_ a _____ ~-jl , ,r,1l __)■■■"'_' (_>_>jVl __il L__ij . u *, . .. - i L_rJj_j3 

<> j^___j ^l «4jjj m5ll» 4___JI j__-ljL OS £> Ujj . ( * } , 1>4 II _JL___J 

"JjLUI j^__ ,___ll ,(3_JI__JI,. "J__II jJL-ljL (j-. I nl" V i (2.1) -JjLUI 
_jt_",j ,nUw Lj_j _jf (j^-«Jj .3_L__J j__T __JJ £jj _j-o -j.j-L- 4 _, , .,',ILe .(2.2) 
i<-____j_JI (jj— i J I o _j )Li jL_jj__« I o _ i^ 1 1 4 i j « o 3jL- _j_o 4j___ 4jV _jwl~" , u «. 
_$jl . n",ll I jL_y _j___Jjl , f I . ii -I . 4_jJI _j_- i_JjL_- JJJ- _gj", . .1 a juc . L__ L__ 
_-l__il *jl "' - I ■ j-L , il «j* . ..I i - - _j'«j ,«2ijJL_jJI»j « 4j_jj___aJ I » _j___JI _jt_i 
4j _, inill (jt _JJ_ .4_-L_JI 5 j _, inill 4_jjJ__ (^JI 4_j__jl ^jjl __, , „ A jJI 
l_jIjj_L_JI L__l£i j jk»" (*_u_L>.) 3JL2j 4_jj__j j_ul_JI ,-,j-_ jja j _■"-"' 4__L_JI 

.(space - time «jLSUI - oL-jJ') u-Mj- 51 -l---~-* ,ys _uL-.j .V.<: 4j_3___JI 

.(L__*.jJj_3jj__JI) (jjS_l («JjJ 4_,iii;1L 4 rtjni- i__lijfli>."i 4jjJ__JI eJJb i_JJ_j_"j 
_jL__3j_JI _j__ ^Liia __ijL_- 4 ij t a __ _ , l_v _-j_-u _"■! -r i . L-jl _|- -.1 ^«J _— _J 
ajjj_~ JlLc tj___JI 4 « i"i I »1 i-r.L _jl t",_. I o j '4, (4_j_ijjj j ill) 4 j*v j , n^lSJI 
i__j_^ jl jJL __, i ,i «i mJI __>__jj____J I j-LL-J l_ij , ii 4 Lgjl Lo^ .(j ii n miII _jj3 __lj__JLi 

ii, > S/1 __>_>_- y I__jIj :<L__j .__{jl,.i jll l_Ls _,jl <_JI «j^J «5___JI ___- _,_, '.«II ii __il__> (__. ._>. 

_L>JI i__lj __1_ i_!^_t_ll _a_j_)_>J.I : 5 j j i i^ll j j_j_j_JIj , ii_i ri ^,11 j J_i ii", II 4_^_- — jjl ,,r,l .tl»_>JI __3 

S L;__'-I «j^, >>UI _ya , M-, V, U_! ..J-JIj ic^l ^ ,a___yi 4_j_.l_ _____ _ 3J u__J,l 3 

_jl_j_JI ,L_Li jl 3__ ____! . J :_«_>. Ij .««^^j-ij «Ij^lj tUL- 33J-J.I j»jLUI _>s o-_j__ U. L^Sj-a. <Jj_ , ,, i 

.[^jiLl] ;_,_>_JI ,J J ____JI J) -__l _^L l >-_il__j_^_>__yi 3jL___J _____!! 



- ■< ..., IK > .Al* 


__!l 4___L__>VL ._,,■„ M\ _-l| -jL___ jIjl__ ^ 4____ l_jj__! ^l ._jl____ 

_rt-J_l « oll 4_Jj_'l 4jjJoiJI J-e-a 4_aL_JI 4jj___JI C.l-_ JL_J . _$J_=-.| j__ljJ_- 

cJj_i_-l l ,j__J_^ _>^UI (j-^L_Jl) _m__JI ___;j (2.2) j(2.1) 
La oJJj _,__ .«4j_L_JI» _jVL__U 5. M.ilL Ij_v jl_>* ^-^j-ii» 4_JjVl 4jj___!I 
_____!_ jsJL-LI 2_ujjjj_JI 3ji__JI _)? jL__- _M (__> j_-Vl j-a ,ijj_L <j' _> « .■ 
.(__>lj_JI l_L__u_ JLsjs __a 4__».__l L^jI iij iU'i _>_!__! _,__ (-1- £j__jj 

ttU_11 

J . - I ^ C _ a l t— I I ^ j q * a jA_j__ > 1 j , ..1 ' ^ I a |___XI _)j__l__ 

LaLj ljuJL>_ 4___>J 4jI JL_c. 5 <j..\I< .-il^ j...-. 4_aj____ 3Jl__ _J____ ,_,Vl 
4 nnilLi JL-JI __Jj_j . LjiTj_>_ LuLjaSj oL_j___«JI ^j a.-». j___lj_a 4j_"_u 
Jju» JL__jV _)_J (j-iljJI La .4_)L__JI I J i j I (j-o i4_44- _$>--' >-jLj_-J --jj «",1 
^ljil 3jl_ _JL__ ,-__IjJI (___ S__J_ (j_a 4___U <___, Laj 5-__j_-J.I 4_i___JI <>j__ 
L_ 4_aji__l 4_J_JI 4__U_JI jL___l <__> -__U_JI f>4 __a 5j_l_ (j__-jj .4_____J 

-_* jl jq-.,„Li *L__Vl jj i" .conserved quantity -____L*__ 4j__? 4jjj__-i 
4__U_JI J j ~- " j ,_)-£_» _j-1J O-*-* _>-* (-1 > Vl J_-__j <_y_JI jj_--- 
-j_- .j_l__j V [L_.j____] l_jlii J__j 4__U_JI __!l__>-i _>_J ._*_--_ ' _-JJ 5jj-_> 

__Lal, >■»•" ni- 1 ! _)>»« ) __lc L«j L___cl J__J .__»____ _)Li «____>. 4 n _ n ->JI 
. I_^j^__- Jj_- 4 ->JI jL_J-V| _ys IjJLS _.LI", cjj «4__LL» 4_a__J 4_t_j_JI 

.kinetic energy «4_> > _»JI 4__U_» _______ 4__L_> _dl__- .JLiLI Jj, ,„ ___=. 

4_sLl_ c_K 4_l j__, j_<^i _Jj___I.I («u^-jJI _)_i _*_. i_jL_JI __jj___U LL__j 

jj-^l 4_jj>JI 4__l__ _)J__ 4'<jt- 4__ j__J 4j___JL L_>jI 'JjJLiJ -J-^l 4__j_- 

j.-ojll 4_)U_ jt«4__L_JI 4lL__JI»5j_-_ L__jI _Jl___ .j_^i aj___JI c__j__" L__- 


-Sjl 9 _Jl v -Jj5j_JI 0 » 


L» p ■ <» ■- ^yi jLa . ' i: \ ■■■-■■■ L___ potential energy jt 

4_j_ J-__j i_>_>j*l_l 4 1 1 ii ilL (£___j-o) , > j -w 4_)U_ 4 1 ■ h^j _)_sj_1 I tii"ij-a 

__Jj >^___j)J > l -__•__> Jj >'i'l 2jj1j\___a 4_c.j___ Lt o y * , ,, a , U * , ,ij 4_iL_ 

."U_j__ 4_>LI_ 

_)J-J (jl _>->j "1 ii ) __-l__j) V 4___j__pj m 4 "1 l*i ^ _j_La pj 1 11 -v. 3JL__ __9 
K 4_j_>J1 4_L_ __>j__ l (ej___JI 4__.j__ jIjl_Uj 4_ijL_-a I j;-,^ V jl J na 

:"J_L___ t~.-U 

2 

K = — m v = — - — ; p = mv 
2 2m F 

(_!___ 4JL>. ___j . momentum _Jj__JI k±*Z _-j__* p = mv "U_l_JLI 

j_j 4__L___u K __J_j__%__— 1 1 4j 11^ _______ _JJ_J JL_w Ij pj - ■■ ^ (j_a j___1 ^a-— _— 

j___l (--__j>U) Jl£»JI 4_>LL_ 3j__3 -_i__aj_J . 3_j__U __LaL4__^l _■»-»■ J-__L- 
__3 3jj___JI _)jjl__J I "1 iU Ljj-I - ■— _Ij-J__j _H a j ,n ->• ^ 1^1 j j»L__) __!1 _jl 

r a jij iii 4__l__j.i j j ; * < ____ , i o ~ «j "l_>__j__j 3j__ji .(2.2) 4j_L__u 
_)jjl_J-c ,F (r) j^jJLj 3j-_J1 __II SjL__yLi L_L_i_-I lj__ -__>jj ._r;«ij ..,-rU 
-_c____J ^.j 0 li U lj__ ^j i njp (___) (j.*! fj_ij .r ____ j i " »" F 3j__J1 _)! ____ 

I 3 j~ -i j"» _tlj j_i____JI (_3j__ILi £__>jJ.1 4_L_> _i)j__i . 4j)_j_,I 3j_ll LoLc LjjLa 

.4_)L_J.I ___ (__». 4_L___ 3_Lj A J_-_j i. .j-w .r + A 4_>L__aj r 4 «1 . .. „ j___ 
- F (r) A ejjL-u £___j_a 4_>__> (___. jj«*JI 

4_L___a JL__ V (r) 4 jW n\\ £___jll 4_-L_ J 1^1 -," 1 _iu > ___JI t_____- J 

4-3 1 1,1 « _>£. Ljl_-_jI LaK 3j_j_i___JI __l j-u-JI _j_ J_" -_y» ■> T -____l__> 

jiiii _! 4jlqlr.1l 4_u_L*_JI 4JLw ___ __jlU (j_a . f _L_J,I j_ej La 4jj_wj_a 


V (r) = - 


j j«u _>«aj ,(4jj_>-j_a) _>L___,I 4_iL__o 4jL_j}UI 

Gm, m 0 


(^Jk (Uilij) LujUJ _>JjisL~_o orjoj... (j-o f Lt__J E -__i_JI 4_.LJ_JI 

~jjj--jj .E = K + V :V t __>jJ.I 4_>U_>j K 4_>j_>JI 4_sLL. J__-L>. <jj! 

: _jj_o L>- jjjaj -H^' 

2 2 
Pj P 2 Gm l m 2 

~ 2mj 2m 2 r 

4_3_t_-J 4_>j__>JI 4_3_L_ :_>Vij a<tl J__J__) L_flj_C ' JL-s-Jl Ij-A _-JJ 
( n jj «~ill Jj-3_-a _>--J '.(4 jKII ~___S_L_JI Liflj_c (j-aj) J-iJ->JI jl j_-_>jil 
Lr 1 ! t-^W Lr-- L - Jl jA 4 ^' I j-* Lr 1 ! J^j£_> 'Cr^ j-Aj-w _-ic ^jic-U V 
i___ , jLt_o __Jt ^jLjjJj (jjjJJt (4jjjLs_~JI) 4jJL-l_!I ~j_3JI (jjj_flj _>JJjj 4jj___a 
__ji_J| ___U__II _>? -Jjj)___i _j*jj _,? «j-oJJ 0 i , „"j 3j_l_- S - , I « juk (j-aj .4_Cj_>JI 
i(j-oj\JI £_o l____j_>_i Llil j <i < j j i ~nj ol <ij i,i -»JI J ~ "i i"i .(jjajJI £_a "ljjIj E 
j, i t " _)l Loj .(j-ajJI £_o j___>jj,lj) <L-j -stl L__fll__> L___ul j j i " __JL"JLj 
(j_a tfL___>j__ ?_Li_a _>-_J !__<_ .3_~jIj JlaJ L$jL_5 i4_uljL_iVI __5Jj___JI 4UmiIjj 
,___, 4____JI Jjjj L_a *(____ 4jJ .4_-j_>JI L_iV_-L_i 4 -r j n jjfc Ujjj <-;jl__-J1 
<j-a c?a_-u ^-1 LVn L-oLi- _~jL__JI JLi_LI ,jL_> ._£_>__-.? £-ljj (j_a 3 J " « o (_jVL_- 
(jl _, « i ij _r-a__i_>. (jja j_l_> V j«ij <i«~illj .(L_J-5_-~) LijjL_>ij (jjj-Lj-a (jj n 1 1, 

J£ cy= oLoL^)/! j-a^ Jj^L» <___ K ~-JSJI 4£j__»JI 4__LL_ : l____v.l j (jj£j 

(j-a CjLal fl<i'VI _-a->- J--->L>- __-- V 4 jKtl ( J-__>JI) j__bjil 4_flL_-j <{-.,■->- 
L>° UJ^- 8 j»L___I ^ljjl 4_u_. i JIjII Jj-J_-_ _-ic !<-_)! nj, ,i >J I (j-a £jj JS 
J£ J o ,"ij -__ĕL__JI (__>___>.) tLnj Ll j a ^ij «i «") ij_a Vl 4___l_1_>- __jSj .j-L-o-»-! 

(>jJI __ic . o " , «", V jl-^ 3Jb «>. La_j__, ^j-iUI (pLi y__ii __,VL_»JI 


-Sj.S-JI ,-JI 5j iJI o» 


(«LSj) ■ U jl_L«jj in-^tl ^us^c i_jLjIji_-I (__Lc ' tn ii^ > «" <"ij .4__j__Jlj 
■I --1 j . -j ,LUJjC -jJ- >• J_-_-_? t-i-j .L_Uj djj L_« (__JI <_," ->. 4__LL_J1 
5 .Ult 3 ->_.— .^>H jStl 

Ldjjt (.-.U;; ,,.?) r.U a»T jl4_»JIj 4__j_»J1 u 'i "°iLL 4 m. «>Lu jt j ■ .j 
.4jjIj_»JI 4__U_JI JiL~ .1 j j'.< I (jj/LJI -_ij_=*_j (___!! *i____JI ii>-*-' 

4_9__J l_iJ_*j IjLa .-_-_)ji"J 4j_j i n a SjLj_-i £-J__i LajL__ . JLUI Jj i i ^yic. 

4_<j_»JI 4_»L_JI _di_ ,____ 4jjLJI 4jL_j.VI SIjj LjjjJ __:K(___JI Lp_>- 

.(-Jv.j-__ll) & j__JLI JjJ ig V c-j l nP. ...1 4jjI j__- 4__L1_ ^Jj c_Jj-=-- 

(____ L_o (j-~Jj i^j-c__ I j-A . I j _ > rtS J .(JjjJaJI (j_s j_j_j___> sj-->-J i_jIjL_>VIj 

(JjSj I *>•■<- (__!_>- .(__1j Uj» L_cjj - ."-'■_■ <_>lj_>Jl S4_jjIj__-JI 4_al_I_JI _j___ 

4JL>. (__£ S_j_»-j_« L$J 4-jj__J,l L_i_Ljj-»J'j C-ljjJI (jL_ .4__"L__ J__> SjI j 
(__Lc L___ul Jj . t— ; . 4____-j j_« Vlj .(_v-_*_JI I j ■ *-> - ■ j_a 3jjL_Laj 4_«jI_> 4__j_». 
4_i_j_>. :4 jl^-b 4-3-L- i'11'io" 4jjL» 4«U»4 4jI u \ (__i_j Ij-Aj .,Jjj__J1 __lj_ 
Lfcj_L- jf J__» I j ~<j ^ 4_t-j_j I j • ■ ■■'■<" (___JI "__LL_JI l-__- .(-1$-»-) 4-L_____.j_a j 

^pjl a/. lj -i <i l 4_sLL_U 3 , ,..:t l, __!_-_. 1j_, __ j_^ . a^jLi- ^l ...7.1 -_■» 

(jj-jJL 4jl' a 4<_-i J& 4_j0_-il 4_jjl j__J1 4__LL_JI J--a . Ij_j_< Ljji_- i_jJ_a__j 
Laj .(__jjjj_ijjJLjj_ _J-J9j 4j Jj_«jj (__fl 4jj'i -^sLI 4_9li_Jlj . (_,!_; IL) S">Le_«j 

((__jjS-_.jj__jil) ^gj g 7.U (j j " 1 . . . 1 .1 _____ ( jo «"ij (j! ( _ , « j ij L__ .l_U_ 4-)L_i 

a_xi*i__i oL_?j-_kJI l_l.l__ .oijjjij oUjj_j>ji jii. ,-ji j___uj 

aj_- (jj_) I «j^ SjJijil ijtj-i-l "Lc-L-ail -JJ)?.ll 4_>LUj 4jjj J*lj __Ljj-_-J>U 
^"ijt .1J< J^-Lij ^-3 B j A (jLjL_j_« J_lL_jJ La I i * 4 . 4_jj jjl oUjSLLI 
£j) a y a J__- J l_jj .ijjj^lj __Ljjj "i<l!>Ll l-ljjjj SjL_C.I i_jJL_*j D J C 

.(j__uLi.ljJI D j C ^Lk. J^\ 4_«_^ (^JI (j>i_di-ljJI B j A (__-flLU 

C (j_olil 4_^j_>J 4^j_> 4_)LLs Sjj__> __3 ((jjt"")) l-_j__ SjuljJI 4_iL_JI (jLs 


4jjIj_»JI d__L_JI (_a <_L_--,I t-JLJL I juk _>_J . J_.L__JI ,>» _-u_»_LJI D j 
_,__■ IjJ lu .u^«JLij .J_.L__JI -_-1j_ o^l ^ __jL_Jj_i _;jJI iUj-nU i U . ..j>U 
D j C _-__aU_ _«_>. _U_->- __-a Jai _g', jl -IjJI B j A <__--U_ 
4_x£j___JI 4__U_J1 __a 4_a__, V. Ij_jj V _U-L__JI _,L_> .__ 'jUIjJI 
ol -j_UI «__]__ 4jj ' ».U 4 aj) h ; U _,L-_ («___ _, -j .B j A 4__j »J 

4_iL_JI .Laja-- .4__U_JI -j__ jljLa^ _--_J LaJ _»j- . n'i _,! _, « ■ ij 4_^1ji__j_l 

.conserved 4l.j__s_a 
__1__ 4_aU_JI (^Lj-LJ S-^LUI 3jl_>.jJI .4__L_JI ,j__ Li_ _;j__-i 4_-J_ 
<eV LkjL_____Jj .electron volt c_Jj_- _)j___~J1 _-* lSj 4t>U _fj____L1 

((jjj__jyi 4_____ (J-4_eJ J--T (<Mi.-w jl) jjj___JVI 4_sU_> 4j_-_ t-jjLi i__j__ij 
. J_~lj C_Jj_- tfj1jL__a (-Jj^- J-J-J- J_-3 J>L_ 4__j____ (__3 I d « »-»■'■ ■ „j (___JI 
3j-_l___1I fl ... >>U 4 j,„ JL 4__U_JI __a Ij-^ 1jJL_ _£-__. - 3j_>-jJI „ j_t 
_-_J . Jj-i-a _ijj__JJ (_li _ j_>j_u LaJ__c. 3jj_j_i ____ L^__Jj .(4_uj_L_jjj_TUll) 
_)jj___)l L_jljL__a 4__L_> 4_-U y~ imL 4_L_ (jj_-_JI (j-a lj_jj _)jj___Jj 4JL>- 
<___J )4j._JI __3 j-La jjjl^ 600 __Jlj_- L_jlj__a 4__j___ . , , n~,<j JU-lj cJj_ 
jl 4_jL_va 3jj JSJ Cj}LaL_JI ____ La 3jL_ 4j_U_JI 4^L_*j_JI 0>L___JI 
tj___JI -_Ujjj__J 4_bL_JI jaj—i Lal .<_Jj_» (jjj___I} _h» J— 'I -_jl____a £___>. 

.t_Jj_. (jjj___I^-J 4±J_» oL-l ,^a jjjls- __a l^jLa __jjJ.I 

i^L_w§,,-_--t 

._>_-j-l (___ 4_j_aj_JI 3l_j__-JI (___ («jlj -J-»-J -jlj 5 jlal','11 4_jjjl_>J1 

(j-a 1 jukj .^L-i_>--l . ^ ■ ■ ' (-jJI _r^-l . La Lcjj 4_ljjjj 4_blj 4_3jj-__j (j— Jj 

(j-a _;j_>.| ^IjjI (-_> ^ i— -j t ' 1 j-s-*- _r— - (j-a I i ~- j in\ _JJj-_ . L-__->L-__a ^ojkt 


-Sjl9_JI_^!»j_JIO» 


Jj 1 1 ii __L— . 4 j i iijUL_—Uj) 4jjj _^ll (_<fj>_]l (_— — J i JutJ _>_; j_ljI_JI Cjlj (_Tj>_J1 

jjJj (_-—!! ' u ^ * .' ^ I _ (_r— c cj! hijUI i<l,l L^j jjJj (jr^l 3j__JI i JL_IJ 

4jjj^_JI) 4 j*v j~t __-.jj.3_J I 3j>_JIj ;2___.j>jJI 3jjl __lc _>,,jUI ii (j_>jVl L$J 
■ -■I — t Jj— S i U mi <i - j « i"i j-a <_jj__!Ij j»j>—=J iU i*ii<i t_£j jjJj u-jJI (4_£l__JI 

(j» I j_j__ j__>t 2j ... jUI -.. q<\\ _j1j_j_L_II _>__ . I 3£Laj !(<---». j-jj <___) 
LL-jj 4lp. i^jllll cjLjj__JVL_ .jJ___U 4__>UI 4____-l3_J.I 4_l.Vl _j_- 

oLjjj-__JV1 <____ 4 j i . i jU LliLaj)j-4-? (_£j_> J j-p (_-JJ>-— • - J j * 4 lj "4 (___ 
4jj) -r "1,1 _jLjj__JV1 'JjJLLij . JUu (j_c , I it»l ■ m - (jrt_c 4 j< 1 111 (___. 3jj)_w<>Jt1 

Sjj^-wjJ.1 oLijjj-jSLtyi __1_. (jj-i Jj-ij (_-SjL__V JLl-jI jl_j_w (___» LL-jj 4____>. 
4_35JL11 (j_,U-JI __;j)_) ^ -j-<_ > - lt _JJj _>_. }____ . __J 6-=- J-l__U-_« ^-jIj)-* (_-- 
____ fr lj)__ iLaK ,j_l__ ^j- _<)>LJ_>yi (jJLc. < -.,„jt Jj__ (_y> l_s__ L_j_>_ <___JI 

4 jin jUL-Lajj-j-CJI (_Tj>_lI j_blU- (___^ . Ljj j--a L_jL__l JL-C jjt 4ijjU1I 

i-Ljj__) jt i(___ic. 4__iljj jl_-Ij) -■U,., ,(jji L_uj_a j! »(_--- cjljjJI _j_lj 3j_Jil 

. I j<jtj) <jj-Vl -^Umtl 1( j_« 
,_£j>_JI (jl_ ,5j_L_LI j-l ii.-_.Vl J_£ J____ 4jl4lutl _5j>_JI jt UJla LsLij 

. r 4__L_i_a I n _ I , <-> ii"t (j__^L_j <_r— J) -r ,",a _j__j_u_w 5JL_- j>_> J_ uo iU , n tlj) 
4jL_w ___ Lo_i LaLaj ,(_____— l)I j_ljj_JI jjpl__J £___*_ 1 o ^ ij i 5jjJ_LI 3j>_ Jl 
I IjjL_/I <__iK IjJ 4jjl_w 3j>iJI oj__ (jj)S_j) .4_jjjL>JI 

o\S IjJ SjjL. (jj__j) ;-_JL_, ^j-i-^lj i^j^ L__*Ij__.I 

1 ^C-_ i- T I * a «3 jjLj» 4_J_f) 4_JL_u L*__v___T j)t 4_j_wj>-a 1 ^ ^1",IC :3jL__,VI 

U<j' a ^L_C (j; «11117.1! j-a-G c_j_«j eUol (___ jjJj 3j>_JI jt ____ (___js '. LJL_>. 

:3jj__J| __!__, |-jjj_ (jjj_3 l^o<-_j 4jj___II <____j 3j_JI .(j_-Vl (j_. Ijlj-J 



s ■ j 1 1 3jLiVI Lat n_jjL*JiJI 4_JL_JI 3jLiVlj . «jLi-M ___-j L__$J 

Ijljk SjjjL^s LlI_3 (_>iaj_j-dj - 4jJLj 2j_« - LL_> ( '"1 "11 jl) j^LjJI w '■-'■'■» 
.L.Uj 4_J_)L__JI -JL-JI ___i L__J .-Jj-»- oLua. i-Jj - mi- 5_>La _>_ 

Q,Q 2 

V=— 2— (2.4) 
r 

SjjjJtl 3jj__JI 1 .iiitcj SjuJlC CjI i-»- mi _£$_•_ «-—tl — -L-jkioll 4 j ■ nilL 
J_" 4_i__ L^j jjJj (__II _f>__t ((--.Uo-M) -* . I L jj-jL- fu . . . > (jji <__--- 
Jj_>L__ j__> 4__ j tV. «II .1 ->JI 4_iLL (___■____> (jj_-JJ •(_?>"'"' 4 i ~r 1*1 

.cjLuL-JI _-j__>- dru -__->JI __)L_>U_> 

Cj\ if i'itl 4JL__ _-__- !___> __)j>j__- j)j_ L«_t 1 U, ii'^ j- jj j_? (jjjLa (j 1 In j 

VI j-_- (jl_i .4_sjj*_L- __il i — m.I -c_--J 4-1 (jJo Lo Ijlj . l_$jL__ __-» -_jjJLI 

Jjl ■ h*i II ujT ;-__j____ L_J__-J jjL_JI ( jL_' I jl L__c -_jjL_ 3j_- jlij i__j)__ 
4i__oL_JI 4j_l__J.I __Lc j 0 -. 4 ij . „ 4j__>J j___. 3j__JI __!_>" l_l _____ 
01 juV _-■ (-JL__i!l) 4_uiL>JI 4JL_ ,__ . V -_l___LJI _1_ ____ jl__ 
3JL__- ,__ L_-t .-__-l___l 4 , 1 inill 4jj___j j^___ 4_.L_3.VI j 1v, r. 
__>L_.I -I ■■■ Ji__- (j_« I j*v 1 - *_». J__JI _,L_ -j ,., : UI -<ll 

(jni j> ______ _5__JI jjI jJI jL>_yi __J- LgJJjj i.-.i 1 1 ol__l_>_j 4j 4i lf, 

j_____JI (jj-UI ,t---tj' ___. James Clerk Maxwell Jjj___"L_ -J j_J£ 


JjljSJI^JSjiJlo» 

4_uj_a_JI fields __VL»JLI j-j <. ^ a ijj -, j imjUI;. ajj^__ll JL_*-a ___ 

Sjjjil 3j__!l _)L_ iJL_wJLI (»J3--i 1-U--J .-jd imI Ij JJ^--JI (_-- 4 j c . i _jU ---.lj 

Ucl_ujj i_il_ -JJ_»_i L*_lj 3j__yl__a jjjj V _r->j a t_n «i ' " > crV 

4_ijj_£_i __VL_*__a (jjo i U i nj J_VL_w eL____JI ___ SjjLsc-a 4U«i i ____]_ 4____j (j_o 
_J_-4 La J--lj_~ ___ ,<ij i ii -w J_> (jjSLj 4___>J 4jI _— -J . 4_____i_a 4 j i n jUI it.aj 
_U_5 Lo 4i_-j_a __3 J____JI I j__> (___ l__f j_J_) 3_JL_t_« La 4__j___j L_j-____ 

.(jLojJlj (j_UI j___ jlj_a___L _j_^3 4JUJLI -^L^a-JI _J -1 .((•_-! 4_>J-- 
|jj_i_v_ ^ j i , i - _ J5C j i " «j j . 4_ij_«__JLI <—>l <i _ i im -w JI _nj c.l Un ijii' (J__-j (jr-j 

3j_3JI ,*__s_jj . tL___JI ^Laj __-JI 4_i i ii jUI it ajj _j^1l __VL_>_,I ___ I <i i»l i ii a 
_4__j_3 (__- 4_j___>J __iVL*_- j-jlt a - _■ — •- (_g? ___- Sjjjil _j ..._UI :i j<tt 
(__Jj_^__II JL-UI j-^-_- -_3j_-_ -_;j_--l ol , j (j-C 4_____L 

E (jjj-ajJL x, y, z L^jL_Ij_-I *L___JI ___ ______j t _>_j jl__ ^hijUL-JLIj 

4 . _ U ■ JL_>JLI jj_aj i_____j .'..j'jJ-1 (__i_ B (x, y, z, t) j (x, y, z, t) 

(jl I a l"i a L_L>ol _£. (j! _;t .4_u_L>_il _jl j oVL_>J.I _j! -_u__j_J 4 I j rti 

.IjljJLa L*j 

4jI __fl (_ji— a _| J — • "< > fl ( ftj n ' > L$j jjjj (__jJI 5 j . .i jU L-_ajj_j_JI 3j_JI 

I <j t >j_a jlLc (_,... jUI itllj __jj_g_-tl _nJL>JLI ____ _____ , . 0 t"i 4___-J 

i_Tj__-t C-l o j i M -w 3jj___JI (___) J_-J_j .4 U — -Ul __Uj _____ j il_gj ^^L-wJI 

jjl . _, i MjU L < -,ajj^_JI Jl-»- ol 1 jjL___»_> La-Ij 3j___J 3j__.L_ij JjL_uj_i' _j__jJ 

^ylll 4 j i. i jU Ll t ajj-^_JI 3j_dJL_ iIjljw iUj iii i 4j|j J_s- ___ 3j__JI _)J-L_) 
jjj 3 j j t " i a (jj-C_ (jl (j_--u) U 4_c J---J 4_Sj_=»_i_a Q 4 " i m i ^j m - »■ L^J j_jj 
4J_L_iL ______ (_>ajj| 

F = QE + Q(uxB)/c (2.5) 


_ .< ....IK- ./.li. 


E (j__i_SJI JJL__j i*j__!l 4x.j_u/ 4-1 «LjL^JI (___ '*■;"'_' j-LaljL C 

_>_U-I (__jJ_JI ___ (j^-LujJiJI (jru 5 j a<1l .pj m -»-11 Ul "-Sjil JlLc B j 

jj__j 4_*_- 4____ j_>j . B j U (jh4. -y~ . J J (((___L>__I (_ij__JI Jj_>L_» <___• 

uB sin jIjlHIj B j u (j^Js-UL _jl__JLI _Tj___JLI <____ lSAj-»-^ oL>_I (__ 

l_ij — l_JI Jjl_I — =- (____>L__j ^«__* _>— j) B j U ___i -JjljJI (___> 0 < *-.j - .0 

L_jl_c 4« (__L_l Ij-iwLj jLjlj-L» B j u (jl 6r -ill _,L_ Ijl ( ___>L_»_ , _I 
_)l ___ (2.5) 4j_l_JLI ,___ L$_j__-}L>> __*j_j ___H -u^il 4-«-_JI .(_)Li.«L«1j 

j-__j_^ (__!__ ______ t o ' «* v ... jUi;; u jl>Jli au.nijj 4jjj___.i _j__i 

(____ L___j! , > « *. t"i Lulj (*__sjil __i_ Laj <i r Ji n *n ~i i_3j___ B) pj ■■■ 

fi. ■■■ > _-l- *j__ p.n jUl.ill JL_>JLI Jj__u V 


_jVL>_1 <jj__ l_-j___ 4_j_3__ 4___ j _u -U. .... ^ 5> _j| 5 ; , in 

4j ...jUL___jj-fl_JI ^jjJ-Jjl ___ IjljJL*- J-J---I *j— >II _--JJJ • j_J_- 

a jU-ttl __L__j____llj j-aljJLI 4-i-_j.l« v ._i .L-UI Jyj_____j _______ 

(j_a <j-__J (j_-_JJ ._J-L>J,I j_L_a_a J___ ___JI 4_j - ■« 1,1 CjI o j ■ n -yll 

VL»__ U_b (jj ■*■ .Ul ^j ,„7.11 jJjj :(_Jj U Jj_5j _,l 4_j__j_JI 4_j__L_! 
4jI jL__j . l j ...jUt •■; - _____ L__j| jdjj 4_L_ Kj — ~ - l_L_ ;Lojj4^ 

_J_L»JL! «J-b _)____ .(o-l) _v-j JI _v- i_->J (__5 (l_L_) *L___JI (__J 4___j 

4__jL__ 4____ (_JLL_) pj iii -».11 4l« .mj (jl__ _;jJI (jl_JLI (____ * jJj_il 
L_> (__]) _JL_j 't *i '_i — _ . (j_« J____j (ji *j___II ^jU" inj i*.j ~_j .(__ j— o_>-) 

(j_ Jjj____La _j_ jL_a j j O .jj_.Vl (J-.J--J 5JL___- 4_Sjj__ _1_ .(j^lj 
4_jjj__jj jjIj jjtj (_i_ 4 j<j in>L_JI 4 j inj U__-ajj_0_Jl 4jj_I__J1 _^_>La__> 
: jj_jjJLi 4__L>JLI 4J _ jJI 3jJl_ (-ic JUI <-ij__- (_$-! . I^Lu_sLjj 4_i±_j 
^.a 51jl nll jj____l «j__ J__a 4 n i'< I j__ljJ_JI (jja j_l_IjJI _;jJLI !_-_ Jj_» 


jljSJI ^JI 5 jiJI oo 


4_uL___Ijj i^JL^ j-juij _.! «-j- 3 -*" l-j-* e- 3 <_-_-L_U _-» _>_aJ_ .__'_ , _L_1I 

L_v_s j-*-'-' <-■«_ jjjj I _ -»-"«1 * ■ i i ^ A*. . < «j . .. Lajjj ' JjJ - "^' " cljV.il 1 1 
.^aSDI 5 , .-.tjjt--. j___ 4_»-L-JI ..-,<-_ 

«Ll____ JJljj < J-l-*' (____ (j_L^Lj_L_JI U>J £ ' Lj- 9 iJj$--£La ___'_l__a _£! 
_-_j__1J ___ I (jil "'ijt <4_iJL«_>Jl 1__j;_m-> __3 VJ ,*^iJI .jl_3__VI __lc. |j_>. 

^jj-Jlj 

V x E+ 1 ^5. =0; V . B = 0; 

c dt 

VxB+l^- = ±ZLj ; V . E = 4 7t p 

c o t c 

'C-O J*-"-" "-^L-S j '«Ljl> d^'l 3'~* '"II 4_lL_£' ___i p 4j_»_JI i.*.j-- 

J_j .<__-- j_-_j (__!-_. (jLajJI j (<;L_____JI) JjLSLll ___ (jl j i i Ti l__-_>L____ 

4jLd — •■■ _)_£ Ijjj .3 i-r <nll 4__L__ ___ <<i ^ i .ij _>-*-• im «i i ii -w 
. 4-jj^j^ 4_i____. i—ilj i.,'il VJ j_* La jl rJI _,V ._>L_JI 4_jL__r ___ L__»jI , „j 

<-nr j ■ /■>! 4JVjJI (jt __a j-i-l 4_C J>__ _>1_ 4 ,M~.-=st,l jj-a>II *-AJJ-*l --I 

_>_> dlj ^jtil 4 1 1 iiilL _,". -- - Jjj iu^La j_Ll 4_ic --j-j" _«-» 3j_i_.L__a J__il 

j-LJ__JI ____ 4j9jjjJ,I <_11j ____ u-l j~ll l_»Ij__-_) _)!_) - (_>_>_____--VI J_>! 

_j_-_JI _U1 . -.j V >_j»jJI _,T_ ' c ĕ s system of units ^ .^. .^, 
.differential 4_J__,L__I 

(4_J_Li_l) 4_u_L-__ll ____J1_ Iojj-j-JI _j___J 4j i ,„'.11 "j__JI (__,L__J 

La^i___jj _<___>L_i OJJJLHJ OJLH-*-) -_1-"- <jr- I ".''J. 1 4jjL_ll tijajl." ._>--»J 
___S _jrUJjL____a (j__u____ _jjA__i_-e_ _)J__1j_jJ lj (jjj_L_JVI ,j_o J£ . T 4-_l i „ a 
4_jjj_0_JI :_rtjj__ll (jjs }L_' _L_ («j _>__) .5jL__VI (__fl (jj"i rtl' V aj j|jL_UI 
j__jl <______ j_l1jj _)j)jL_J ^ ■ --" 3 _4_ J_J . 4jjjL>_ 4jljj_3 Cjlj 4_.l al*i*.tlj 


S>i]| /(iuH^H ^ 1 ) lS* ._tpj--l _ru 5 .' -(2.3) j (2.2) ___J_L_U 

j_ij_ 4_>.j_d 3ju_i£ Lgj! ■ «I ...--'I , ■* ~*-j J_tj .r j«_La ^j n-J 4_ulj -jlal"~H 

. 10 39 ^lj.- ,3LA_kjJI __JJ 
4jjjJI j__UJ_JI ,___> L>-j->. Ijjj > .hIj V ljjJ (5 jl-iLi-JI) 4_ujL>JI 

4 ,_->l_- .4__.j n\ a 4 !".< ,<U"m\j , I i j j < (jV_l «~ a ,j__j Vl j l_j'_ J* ■ ■■? __IJ 

.^jVi 4j__ 

«__.l LijJoji j, j Luj_^ VL*_- -i___ Qj 4~; •»■ ___!__, I nj.,,> j.."'*' 1 
3j__. ______ .4_JL_ Qj lzuL< Ijl Ji-ljJI __J]j .4x».jjq Q] __._. IjJ -_jL>JI 

:3jj__JI ____ ^jJj-" (jj-"- 1 (J _-»■"" "L r 4_.L___ Jju ___c JL-Jtl 

E = nQ, /r 2 

<_)J (___>JI _j_. LjjJ__S 4 ~> ~ . j ^jJI Jji-JI 5_l_--j 4 -r " i - n __j_>. 

L_jLa .r jl_j <____. Q 2 4__.L_JI 4 -, ; -r r„ j__-T f.j -___.j LJ --rjLiJI 
4 T mMI jl -__-">L . u = 0 jL__.l -_<. (2.5) 4JjL_JLLi _..-■■" 3j_L> jJiJj 

3_UJ_C .''I 1J ■ ^ _JL__> _)_> I jjj . (2.3) 4j_L_J>l __3 _j; ■■■ La -__ 3 " 

4jj ____. JLJ.I 5jl__ _,La . E _-jj^-JI JL-UI (jjj-C- (__ (**_-_( -Jj_____ 

_)l _j_> 3J j . L_.L>ul 4 1 -- i« J_> -liLal _ , „1 ^j <i •»-" i ^jII *1_-__l)I __fl 4 L "*■ 

4j^j< ____. l_L_lcl .-___. jil (__. Ijl_w 3jl____- 4Jb E JUJLI 3j___ jj__3 

(j__ 1 ,ii ; j lj__ _,!__ .__J jL_4 j_y-_l (jL_ Ijlj . *L_____JI ___ 4 ;-> m.II jjjj_ 

j^l ______ lju_ J< _;j_j_j ..___.! 3LL__il 5Uj ,„ ,11 -__i_ H __JI u^jj 

-c__JI c-jj-a-^JI JL-^IIj ,4__.I___JI __!;-- ,1,11 .4 _<_-.. -, ,„jj _<H 

__3 LaLaJ 4_*_o J__aj I, Ijn *~\ j-l-il 4j ,"-i<l j j~. « j 4_>j_5t_u> 4 i-r n, 4ln,„l JJ 

. Jjj.„<L- l-J*- jl « a 


JjljSJI _Jj6j_JI,j_ 


__« _;t ■ 5 <j ". ■» ■ -.! __a ( t -»-) 2 j , „jUt 1 1 __VL>_I I 1*1 i~ 

i'll,„ J-J-_ >_il iii i"t _— — I Cj_Jj__JV I . J_il Jj i iii (___ . d^jjj^. Cj IjLjj 

JL_*__ 3U ,„ _j 3JL>JI «__ <^_ _,Lj__JI _-jjj .jLi_JI ' J -* J~-° 

j__ ___ , <l 1 ■ .. 1 ( . j_„ <Lj U_J jjja jj j_ j i <l t ■ ,.t | J j_» _-__ <— v j_> ____^ 

J_L__ 5_;jjJI _jL.j_.VI L*L_>_ <__JI 3____JI _V .l-aj_a_ J_L____ -_|_ 
ci-i-^j __«_JI _* c_il_ jl_j_JI _t i_j_J _>_j___l .__Ljj___J)M a_____ 
d__l 3 j lm jJ-L-Li _ j_&l jJ_ __-s J_l * _j L-jLj Jj__JI _>SL_j 

..Uj-hU *L___JI JjL_ Ij.i. jUL__ VL*_» jJjj jL_JI . magnetostatic 

____ L__u! > o ~ «" L«jlj _____ ji-i-JI jl I (i a (-1— J\j__L__I .1 o "i t"i Vj 

(^.i.jUL-ui juai j_h_j .^j-- jj_i_ _ll_j a. ,„;iLj .■«II...II j___ 

jl_JI "j____j _, o , uj L_ -__S_*j oL>_l _JJ *L_____I __9 ___--> ij\ j-__ 
_JJ j_u_j j»L^jVI Jj»-=- <_-L>_JI Jl-JI (_3 1 'll i .J I _4_ _--x-l :_-1*jJI 
_L>_I __IJ _ii_JL, 3Uj^,tl _jL__Vl j_l__j _____ j_j__ .jLl_II _l_>_l 
3__L__J.I 5_Lj __ (,__->Ly „1 __J]) JUJI jl____ _-__aL_L, L__ . JUJLI 

__j I . j^ (_Li (_;__».! 3jl_ j , ", » ; t j .i4in.li _,__ _$_____! ,l_>_._.i ___ 

.solenoid __J_J <-_i- . Ij_>. Jj>_ (____ ____-- s__t_ _4_ _ii_Ji 

__JLI _u_b _.LSL_ ^t j-_- -_-jj_-~ L_jL_ JL-41 jl ■ S « ____ .s. 

_)La (..Jjill > 11,1 _jL_ Lal .(jjji_JI jj— — . « JjJ- _r— _ ul_>_lj __Jjitl 
^__JjiJ| , n III _____ L_J__ L_li___ ____>_bj .lj-_jJ__, _j_j JUJ.I 

cj •._!___ _____ I i j " t". _s__Vl cjL-ju^iJ 3 i ,„;ILj . Jj__JI (__Uj V 

. L_jt ljj't"i ___Cl 3_JL_t_ VL___t Jjjj__L_ 
__. I_L_ . JLiil Jj . ,„ -53___|jJ| ol j ,„ jUI 'itll __. I jL* _-J 

^Ljt—a -ljJj <LiJ S_jj_>JIj (_ILa__JI 4 j i U " i ,Uj i„i _ , n i jU l ii» 4 i ij iA* 
jLj (_____ 3jl_>.yi .CjIjLj _jV <— il j i ii il jj _U j»J-c _— (— ^jJL I j i ii jUI it a 


VL ,< . ...H< * .AIJ, 


_;L jf 4_4__^jL>- _jLjjI__j 4____Ijj £_J_u V I fl i*. 1 j 4_jjL__ -jIjLjj _JL__ 

J__l_ internal 4_jl__l_ cjIjLu ju>___i <_il_ >- Vjl.j .£jL_Jl >_ ol ^_ut_ 

LgjljjJ _, i ,ijt->l i ■ a l_jj____ _)j_>.jj <_u__4 4ajLti£ j_-__L__ j J 1 J .—jljjJI 
Laj___ SjjJJ _)t JL-U j-jJL___J . I JL-w J^_- u "' _kL-_- a i m i^-i q -UL-j 4_j___i! 

>a Lu}->- 4_J_-ljJI _jijL__l L___ij .magnetic moment I j ... _U1 - 
_• j__> j-j___»o >_ jl i "i II __i-L___> (jjS—jj iSjjJI (J_-l_ cj_jj__Cjyi oL_j__. 
'.Sjjll __ ■■■ jUI •, :t I ^jjLll ____ ( -L^__VI >« j__T £jj ______ 1 _JLl_ ._jLSj_>JI 

_jL jl n"rVlj .5lj_JI Jj__ 4jjIjJ.I L^__j_- __JL_. -I i "ir VI _jjj .-__x_jJI 

Jj-__. <____j -_j j -r m i a -____j-j_>_b 3j__> J___a l__£Lj__jL__> _.jj___j _>__< u _)Jj-_-_jyi 

,«j >oj .4__>j_____JU 4_5e___JI _jjj_ -U -—■■><) _-__ _)_«_> _)t 4_iL__ >a l_±jj_->__~ 

I j-ji_- 4_j___j (__Il->_,l _jjj-J1 -4J i.. -I ir-itl _,mmU--UI JL>J,lj jLlll JLjJLs-u 
3jj___ — j "i ĕn _JJ__? .(________>- _, mi jUI i« a < ij ,'n °i 4 t-i . nlj_j _^—y ujjJI —JJi 

4_ul_ (jjjlj _J j__-_- 4_i___ (jjj__JjU _,j___ _,! 4____j Jj__ jl jjjl _,jj_i__yi 

f.jX I U" i ii j I j_$j j . jL__ _ _>_>. jj L> j__> j .intrinsic angular momentum 

Spin <___! (_JjljJI _Jj_____l 4 j o <j _, mi jUlii II j-j-_-JI >_ -J V ~- "n _)t 

_j|j (-jj-~-_ J___-) __L__L1I (jjj___I>U 3 , <i , ,„ySJ\ 5jj___JI .(jjj__CJ)/l 
(«JL_1I _jV !__!__; L_)j_-. L$j _Ijl____I . i ij Vj ,____. ___j_? Jj _______ I 

(jl__ ,L_Jj -__j ._Jj_^_>_.l _gj "l i ..II (_i_. -__l L--U-C_Lt -J___>JJ Vj 

_)l s-jJ.1 jljl tlj-_i '(-_lj (_, i njlr»l j»j-^ 4J (jjj__JVI (jLj (__jl___j 4_Li__>JI 
j--_)L_J 4 j niilLjj . j»f l__L_) [Hiii-y >_. __— jL 4j! (-—_ 1 j^j i M jLf» ujj_uau 

(__ jj___ Mjj^-e-a (•__>■ __- 4_jjJI 4j i nj UL-JLI (jL___JI __-!_' Ijlj -JJ--- 


I _j ,*-» «.i (-i-ti) (__}L_ 4 i .,, jUL-jUI L^lj-ub _iL_ 4-1.1 j im c oL_L>_l 
U-_ ___________ __.__ lj| Lal .-____- j_-l__ fl '■■ ?.tl ___ufj ( u n« ,11 

. |Ui«<ia __**•_'" J__ (*___>JI _L_ l( _il_JI ___^L_U.I 
j_a _;jL\_Lll 4-__-^_4J 4 j , <i jUL— — U jL____JI (j_. 4____L__U 3 J_b (-", ■> ) 

3jjL>JI 2 — ______,! ___ iii jUL-UI JL>JL_ ______ _->j-0--' JL-*-_ J_-__ 

. !__>. ______ (l5>^~) _jj>i *- L.^ 5 -» - CrjW^ y .i jU I ;; - i . i i.nnl 

^jjjj 4_u^__ _, ■■"*.■ L_j_pa j_ut 2 s t- ; - B _. ■ ..jUI ;*,' I JL>JLI _,_J 

j—jjl , u*i- La_»l*ii— ■ i*i _f, oj i n-y. (jwo «Lo jU i « 4 U i nljp _jL_I __ij^_JI JL»JI 
,jS_»j .4_j_ I o, _| i jj _____ L__JI 4-_L_J.lj iSjL_iVI ___! j______t_aj jl__UI _,_ 

_*_»JL (<jl__ll) _l j__II (__ -J___ i_ 1 ___. E (_j>«_JI JLjJLl ____. J______JI 

_)j£Lj < -.j .j-j>Jj- _i>>L_J 1 *i i U _______ J£ _jL-L_i-_.Li ( _ ,, _ t"'H ) __-kL*_i_l 

£___- _,,„jUL_J,l JL>JI __j_-_! L.U3 k-U_- -_UJI ,-jj^-JI JUJI _jj__. 
o_c_ __- Ljjj£L_ _,.ijUI '. «1.1 ■ -j ■ *-« _,l_C jJ l__T lj__j) . _, i njULi.; - < . -j ■ 
J_ ,i__j___J| __aj_t_ ___. SjLi-l 4__L_j_aj jIjlHI __a 4jjI , „*i a 2 _ , ,._Ul : . ^ 

(j_Jj ij-jJ_^_ _ijjL_ JjLjj __pl__J 1 7i jU _ , iii jU L-JLI JL>JI _,_» ^ g , „ t l_g_a 

4 U^>L-a _j__ .4_uj___<JI 4*,-- .'i.tl J___ 4 j ,„ jUL-UI 4J_____JI J>L_-L 
— jl i— - .*iil (___j__>JI _j_>-_JI j__-L_j _ l_j_j| _, — a ^__-jJL aA ji< 4— jjIj ,XLj 
—jjLoLj JjK>-_) j-9 _jJ__j Ls_a jo_;jJLj i4<j.U1I _,_ j—La (_M (_a 4ji,,jUL-La 
_____ Vl '^IU«Vl a jjt JiU _j>>-J 4_ijl_C_l _gi i_JJ_ 4_ul__al jt n.i 3 j_i_.L_a 

.jj-LII _-3 magnetic monopoles 4ji„jUI;;1,I 

4.*..-- i*lill _ya J<^ -_____■ _$l ijjL-J,! j-ii-J L-JL_C. ">j___l,l U_=_a>La («__! (j__ 
JL^I_ ^-jj-J-JI jUdl __- J___J_^j_!__l; ___!__ j_a ijLJIj 


k .< J .. r IK ^ J AI-=» 


jj i*U (^jj^-JI JL»JLI _>__ . _|l__,l ___ La__j_J_ Jla (j-ajJI -__ (_^.,,jULi--U 
JLsJLI ___ ^ jj i nj i J-jj i n *?La _j__i|. « a ___! -taj ii t a j__> L__-> ,(j_ajJI £-a 

JLjJLl _djj .J.JLL, .a_u,_4-J -jIjLh __a <-____?! _____ l __» . u ,i, jUI ;itl 

_)j-__lj IJl^jj .,__jj____'I JL»J.I _J- LaL$__l (j-ajJI J-a j J «"U _ , i n J U L-J.I 
JL 7 alJ _Jj! JL___ L* JL-_a <___■ (^lajJI j+i_JI Ju_ij __j_- ,L. (j^L^I 

Sjj i~ a AjjLjj _jL_L__ j? 4;-- II, (__. 4__>._JI _ijLiIj__-__}_; _jj_~_jj . j__ Vl 

(__JI i^.i inll lj_$J j iii " i*i (jt ^l j__JI _i_i 3_JJ__-_a 4. "Uia _;! ___( (j-ajJI _-a 
»j irilLa . *.j___JI 4_Cj___ _) niiit "L-j--r * a ,(c}L>.) ^J-La «____ __3 -jLjJI 

- j *■ j , .. 1 1 <___/_ Ij jj_IjJI _l>L>.j_a J_a . 1 j . .. jUI ',1 _< I 1 1 j U ■ I V] (j_i jj 
a_i-jjj " 1 1 JLa-C_l j j ~i -~i j . _ , i n jU l ii a jj _^l l ___J_J| _pa _>*j— >- ' *!j>-*" 'j 

^jLJ 5 -_*■,. tl _uljl____ _ I ___ 1 __L_____ I lj_fc r.M.i (__.II 4,jj___JI j 

.j__C -__ul_JI _1J-_JI 


___i-jjjj| ~^j___»j_U (-ii.ijt 4___>L_-JI 4 j i i nill ~Uj__j (jl (j_a («--jJI __-- 
:____j__J lj__j ^UI ... L_jjL>_ ___aJLI j j r (j_a 4_l VI ,l-)I "*\1l Ij $1 
_)l_JLI (jc LjjJ_j _jIj>>.j jjc _^j___JI (jj-lll __a Ij-L-a L__sL_____TI _,! __$jjl 

LaLaj i~i-r aj_l JL>- 4j| _-lc L_jl I i flj ^"'J iSjj" aj 4__>-l__a "jj ■ — ' (jLajJlj 
^ljjl JJljJ L*jjJ .— jl aj iii -».11 c Ljj_j__t 4j_aj_JI ~j_j__JI ___ ^__JI i*LjjJ_J -_a 
—_!____• j-iC N o~ "^j^j ■ 3_ui_>Jli) - 'lj *<- J-— — - __9 "l__>L_>JI 4_ll__JI 

LLlSj J-JJil «-j->JI j-J_-J - Ljj-Sj _jIjj___JI (_J_r ^.iii - - Lgj^ .La ___ __IJ 

4_J__j ! JU 1,1 __ic _____]! I_l_ (__. l.t.hi L__Jj 1 «"_jjl>JI ^L^iiU 

.(_-JI __^__JL _-a-V. U j-ui. _____ _J 4,,„;IIj «_j_-u .,>_;» 


-SjlsSJI^lSj-Jlo» 


(Jj-i-S __v« i\ j JJl-ej (jl Ju-I i^il __, i i ii "j i nj*s :(j_lj___j jVI ?j_Jj 
Lsj 5__ii_s_c jl iLc <«ij i M->- __Cj__y ji »j-»-'l <<n . n -»■? 4 _i inilLi pj jl_»j-o 

4__jIjl_-I __iljL__l ___» (jjju_L__il L_>j_£^_u ___l i_-_L__>jVl _n-i -__>L_JI <___. 

,_l.i r j 4j>_. j_j_3jj (_, i i ij <•_______.! __3 4 Uii i -___>j__ , > j I t " I ?2________a 

Cartesian ___j_j_j__JI __>_j_Ij__^VI ______ ___3 <JLiil Jj ■ ,„ __i__ :4_J.!jl__j 

L$J (jjSLj V (-L_> jVl _ j__ (j__t . z j y j x ____ -___-__JI __iLul _l__I system 

oI_j_Ijl_-.>U J__-Vl -d__-- jl <_j LoJlLc VI JL_>JI a . . .t. , ^ „ 

»(--j_>j_c) 4j_^ >_!____>! L-tljl j'1-^yi <jj-__j .4_jj|jL_-yi JjL»J.I _L>j| ju____ij 

__iL_.L>_l jl/j ^t" ~ <• _j__i (jLoj -» "■ ■ nj (jjjJJI (jj__*L__il (ji (___«_jj 

(__|| 2 -i I", -L, . 4_ul_L_-l L»jj- (jL___j i__3j_ (^yjljL-."- 1 ! L-gjjLUJ jjL>J 4__W_- 
. •Mj-ijl (___) ______ 

j? 4 U-r II (j_sj_i__l . __>__JJ__- JK ,1.1 jl ,_>___)___ _ r --_l l_— (__-- J_-jj V 

j->Lc . Ij _ii,i'i jjL-TL- I «i(j'ilj .j-_.>LI 4 i iuilL Lj__l>.? <__Jj___j V (jj_L_.L-.il 

(jn n,j,,,-_-JI JL__.I _j_a j-j__jjJLI 4__t_il Jji- (__ic _)l ii i i",j i_3j__. La^jJ 5 j___i__i__, 
4_j_-j__bjjs 4 j j ■"■ <"i (j_ojl_o (ji_j._La (j___ <jij 4__L_i_3 '.j__VI __JI 

jji__>ai -U»ji _____ ji 4__j_|j__>.vi j___vi 4_____, -_3j_- ___ .i - - .- v 

,f\j i.i-v 4_Cj-__ -L____3 jl_L_o ___. i_JJj_. 4 ,,.<i'i <-__-<-JI i_»-r ,„ijj .4-Jilj__.VI 
.j_-J 4 -_- - « i __£? j? ,5j__JI 4_*__o jl »(f>jL-._-ll) 4 l r «II 4 r - - jl.i jj a j| 

4_JI j-jj_u _;jJI -L>_i , _ , l ____. L__j? (jljL_iL__il (>--j _»>_ <JL>JI - . j _. U . 
_j? (jSUj -L_»-;VI -_U_lI U_ 3 3l_-jjL_--i (ji-J »-__ljJI Js, -_iL s _s__JI _j_ Jl_, 

< U ___ Lo 4x.j__u 4 r "o »_L-_j_o (jjij (j? (j_-<u »I_L_> __ic «-Luj .(_ 
4 ii I" V o 4_Cjo r o j_>->LI 4 i iii ilL (jj__3j (jj_L->l M.U J_>. V 4 1 1 ii JL » U , 

4 _i ,„ ;IL L_jLj _jj<j ,„ _l___ijil ^o ->. J__-L_>. (j__l » u' z » u s y , 

. 1 1 jjKl ^Li 4__j__J1 jlj-io jV (jjj__>L 


A ■ < ■ ...IK'". .Al*» 


4JL>. __- _)JJL_L__,I j i"n'l LaJl__ LajjjijJ 4. ja &j JJ-H j_a -M -r j ir-ijj 
L_jl_ LJLa t Jl ,,.*i jj I LJ ^jju ___>- i_JJ j __9 Ijla J-^J-j _)l Lo . Siimi 4_>j_- 
jii -»" < _) _)l _>_> j-"j"u -L-uijiJ (j-ai J?) jLLI (jji er 3 < J-— _-l I juk ___ Jj_ (j^ 

_ijjL_ _>_. Jmj -»JI __. (j^j-j-aj __j__, ■ *i_ : JL>JI 3 mi ^Ligil 3 , , .,;n. 

I jU-»J jjjJ.1 J_-_JI _>_>>- J-A I JL* .4_J_ SjJjJJ L ?j_-'-'l -jl * j i ■■ -»,11 (jjjj 

<____ lt jVI Jj_a U-Sj .instantaneous action - at - a - ditance j__-> _>_. 
(__JI L«jj_ji _jju __j__j . Lj__Ij _v-jJ I jl_ .4 j ■ iuU I ' <. « o jj ^ll 4 i ■ nilL J-- 1 ! 
. Li_j\o ^"j-^V - - ■ j ** '■ ■ ■■ Ll__j .4_-L>JI jj_) __ 1_ . ^ j ■ -jt— l ■» /.jj jCtl 

i U ■ nj " a ^Tril 4 i nii IL L_jIj _ij£j _>_ >L=- (_ r —->-j— o) jL—j I jLUL IjLil 

,___ Sjj->.ji1 j»j_*_JI _>-> j-— -« jjuc jj->I 4J 4 1 1 ii itL _Jj_*jj jU _l _;l i j— — jJI 
(ji 4jfcj_J u-.j " i nii„ .j_i.l tfL>_l (__ L^-L- uL>_l (jjt (__ _)j__ -_j_~j ._>j_JI 

4_l j (jjjL-JI (jjj J__-^L j_j___.j ■_>_ >L>Jl jL_>VI Ijl_ (__ - ■ jjt i _> _)Jj>jj (jjjLa 
_> ^LiJI jL_)/l (jSUJj ■jU-j ^l (__ OjjL-JI I jl .j___J 4_-i_ 4__j__- 

4_b_ 4__. j iih 4--J-T "il,l (_£j_>.Vl _jl jU_VI J_ <__> j__u 4_L_ ■ Jl__U Jj j i ,i 

4_>L_ oj^ ._>_-L>JI jU_)M <_-JI 4_3l___)/L <U1_ i>j__j .jU_VI -OJjJ 5 ; ...;t l. 

— Jj "■ iii 1, 1 _h_> Jl _->-JJ : _i-ILJ I j_e_JI (_-Lc. -AJj JjU"i (jSLcjj) ■ 4jj j m ii 1 1 jj-- 1 ! 
_njjj ir-i ii II I o dJjU al j j U i a _)ya L_j t "i a \ n j ■ ■■ >• _)Lj_)ljj (jj-lL—l in a _)Lj 
(jja ^«j_jJL ,p j ■■.-«■< I __|| (^jLujJI) 4J_t_JI _)_— j _)!■-■■ *j i__jj_ L-l^) jj ir>L>JI 

(j_j>JI i_ilj __>.jjj . 4_— j iii II (_JI j— — u j«J (jJj_J-i _)-J ._ij_L_j _JI L_t^L__wl 

La 5j_Li 4_l1c jjjj j— -I fij ' " *> _*'i ^j ■ M ~- _nJ 4_al ihU jL) 4 ■ n ii'i -Jj " ■"■ [ I 
3j_JI (jj__u_ j«j (j_aj i_yjjU_)/l ^_> (__9 _Jjj L_T L^jI j 4_L_JI (__jfc _)jS_ _iij__ 


_S jl9_JI _J| 5 j-JI __■ 


■ 4jje-«JI (__Lc _)l i4>l inll _v__j _____■ i_D_ _J_. cLLi .(jjjU_VI __fl I fl ■ ■■ ii"i __» 
(_j_».j_« jUol (jJJ_j OjpL- _--= lij • Lj-2j 4j__JI _J_.j <Sj-_JI _J_.j 

I « jU JL>.jjj .j_v_'l jU_VI __3 4 " -r i .-> "jjj-uaj LyS-JJ «_Jj___il (j^uJI _,Lfl La 
4_^Ijl_-I J__>l 4U«Vi jjj» 4_Ljj__J _l "i «II jl _i "« _"l 4jj__- fjl«-« jUal _;? __3 
. J__JL> _L_ __jjL« lj-_ _>_J i{ __jl Jt_w( jj-*_« <-L>_lj 

jj i*i" _. J _L ijtjjj in^ ((jjjUaJ) (jllaLLa j j" « i iij_i 4_Jlltl 4_-__Lit,l _,_ 
JjJ_ _J_. j_»,L! 4 ii.iilL L__J_-1 l_ jrr"ijj <«>L>_VI _>__j _JI 4_jlj__VI l___jjl___ 

JL*?i\ J_l_ _J_. ____ X jU-VI ^_a __J U__ __' j__^J V 4______!l .x jj-UI 

,-V 4_-ljj (jj_j X' jU-VI <_fl _Tjj L__ __ 4__j__ (jLfl I jL^Jj .X jj-»_-JJ 

_," U ii i jl " -r 1 1 Ij-p» I . X i_JL__l jj_>— .1 Jj--> <_J*- "^^j j' -__ll (_)--- L^J _)l _;l 

I i i iii I ■«. 4j I m i ij L_o Li_> ---»- I *i.> if . t = 0 (j-oj ___- (jl iiilUTi i*m ■■— > J___- -1 
L«J. 4_j_«_« 4_ij__aj 4jjL>J oLul JL_-_(M _rtj J_JjJ ,___JI _jLfl}L_JI _j_-__j __«J-JI 

-.(2.1) J___ l4.-_.1_.jjj .Albert -_j_Jij Hendrik _Jjjju_ jlju-Llil 
x' = x-vt, y' = y, z' = z, t'=t (2.6) 

j__- — ■ inj (jj.l i»l mi 1,1 (jl_i _, 1 si ĕn «4 t ii-> lj 4__j___~» _U_ I io ii-> Jl_J 
___j <X = X' + V t' (jl J_>_ _j-_L_i1 a JL- _>-lyj .4_bL_- _;V 4 ■ niilL. __fljjl 
(jl 1 1 ~- j La J-"— 1 _J«- 'V 3jL__l _) n^« i (jSJ «JjLcl 4_-___jil 4jjL_il 3jj-__ (_>__□ 
!__- Jl_(__> j-i-i-b V(j_j_J(jjjL^(jt-<___>ljJI (j_aj .4__Ijl> JL-JI 4_J___)j__ 
_,_>j___l ,_rt_j__«jJI _rt_jlj__yi _rtJ J-Jj-J _5_JI «_,<j inji-JI» ui i.iill Jjj -r"ll 
<__j__JI 4_eli j_«jj U ^j . _ij__j_« I ijta I _)L^I J_ jL_> (jjj__sljjl >_? (j! 

(jl (2.6) 4j_L__il __« -___j . __ jUs)fl (_-- u' j .1 jL_>)?l (___ J__-Mj I „ < 
:_-VjL_iL J-pj- _)jjL_>VI __a _;jj U-" pjm->. i_ j_J 4jj_uj_CJI __L_jJI 



ciijjJLl* «I L»£ i_) j-Ji _J jjJj -4j i i .«•< 4_ j_5- -JL>- ^£ _|L_I J_-l jljU-l (2. 1 ) J__i 

-Jj-_^Jijj .x j^jkII Jjl, yJLc V 4_£j___j orj^-JI ^JI (x, y, z ^JL^Sri jU_VI ^a) 
.x' jjj.J.1 Jjla ,-lc jLl^JI __"! (x', y ', z' ^LJI jLb^l ^a) Oj-Ji eljj US -OjjjlL- 

4 jni'itL) lj_>. Ijjj^ i U ■>. ,j_jj ..) i U->.j ((jjjLaJLi £_j__j ii ini I j_* J£ 

Vji -,j i o j > ar; ,„t _,vi jL__j . u_i. djijj .a , «j ,n ^ij-cSu 

_j-__L__ lij ■mjULUL.jj^SjJ 4_*_L_JI oVjUL9 .4i ,i.jUI;; 0jLHa SJL. 

___ 3'io i*->-|t,l 4 j<j niMSLll 4j i mill i_)!Ajj_s_"JI J_> __fl 4_j_ <-.... j t ,,Jjj_ui£Ls 
Jj~-*i* Ujj .Sjj__« 41* i.il --j__ (jjj £__eJ V 4_l j J__ ___ I jj_j . (2.6) 4J_L_I.I 

oV_L_- 4____ VJ ,(2.6) 4jjLai <-is L__ ____ oLojJIj £____! __Lfilj_>_l 

~_».j_l (» ^Li- jLUI <__ Vj iayUl Ls-jj--. <__■ J_-*__ V Ujj Jjj___U 

— jj__JI JJJ-I jU-J ,4____« "jj ■ - ' Lxjj jt iSjljju - j -- *■ I 4 i i.iilij (j£t i ii II jLLa.l 
._;j__! Sjjj.-^*» jUl ^jj "titlitja _l___l |j_e_~ (oGjtl ii___L__J 

JS__JI _) '■ (jJJ-JJ (jjjL_J (jj_J (jl _>___- _l I ju_ _r— "- J__><Jl _)'"-- (j-aj 
(jjJ JLJU (j-. Sj-jil _-j__JI _J_L>. <___ __J_j ,4jj j nt l jjo-l 
p^ii L<u i(jjj_uSJ 4 nnilLi Vj"i n -_j_-JI lj-* l_U JL_Jj . 4__j__JI ,____. _1 <wr I 
.Jjjjjj _;_L_a ■ U . ..j jjjj-jj jl ĕi' c I jLuij j "■ ___iL_JI (jj-2JI (jLJ , Jjj i n^La 


i : « __ ..._ui-,: ^ _<tt __l j_l_JI J__jj £1 j_i!l J< }Uj .ether jj_VI <____!_ 

tUjrti 1,1 __lj_A_JI jjjcI i_>_Lj--I Jjj in __--. . 4jj_r i.a 3_U (tlj_>.|) >».___ (jrj_i 
jljJukl i_JJ_ 4 ■ i i iij U J__>.V («u iJ-*-_J _)VI L^'j 'lt^-" 0-"J J^U- 

__IJ j_3c_»JI Jj->- _>£■ ___-l_JI i—)ljl-iii-VI ijji i_)j__JLj Oj j « ts> i^ia^ 4 tUiil 

i iSjjL^ai ,m ,ij__»t .__. oUj_> _j jU.mi »m .,ui j__i_ 

jl^jj Luj .*LU __U.jI 2jj___ 4_,j__^> jtjU-JI __!l i__l jJ___.VI j-___1j _JJIj_ 

J___j U jlj-C. __Lc 4j i in ULuLajj d^U 4 i inilLi 4 iiiii't jJjJI l£ j J_ l?--" J-i-VI 

j_jj>U j_il_dl ^Ljj_i_JI . ;■■*:■<" _,5 Ijlc .*LLI oU-jI a. ,.,;t l , ___m J-^l 
JiitTi Jjj i n<L- __V_L>_« jjLa ,_jljJI l_-_ (__J1 l_l_l__lj .JjiWill __ic ______ 

___!! c 4_i j__JI i_,,„-|<j _____ jL_>VI I j__ ___•_$ .j-liSLJ _>_1_JI jL_>VI _____ 

4c j__j jlj_5_a (j_j <-Jj~imiU U---JI I inij i*UI 4JL_ __3 .__V_L«J,I -JJj L^jl-jjJ 
L_>J___ij_j ___!! __Jj _>c ___j_a_j i__j_i_i -Jj -r "i « JL__>lj L-ljJ Lo_i *LU 4__wj_a 

4__.j__, _____ l_! .JL-J.I Jj-^ l>- -i^UI J-—jJJ 4 i mmILj (_-(___ j_aL___- 
,V -_cj__u L_j____- j__L__U oL-j -c w _ _>_--JI ,_.m jLtyi -.UjJLI 

— V (__> J__L_J.I jU-l (-3 4_l_jJ.I 4_>j_,l 4__j__j (jj)--- _)l J--J-J fjll _>L- 

C w + uj^JJ !-L>_Vl (j___ (__■ _n_^j_*__« (-»-^11 i_jIjJ____VIj j__L__U _>_> l_l 
Ijl _JJ_ ___> L»j_. Oj^jj 'L_L«_ (j____^L_i_« (j__.L>_il __£ ,j__>j_>__js Ul_> l_J V 
__]__> 4___lj j-a. 1 ! __jLs_jj ._t_Uj___JI _r__>j_*JI (___»l_»_l _ru 4jjI3 i_JLi_. ____> 

Jw-j , »' (jl i-__eJ «j___JI 4__j_l_ _)l «.jll >i_)j-ij -_J_- 'J-JJ^I U^J-^ _>"-__ I ___-. 

.jj-S-J 4 i.iiilLi j__L_J.I 4i{j_- -JU ____ 

A. A. (jj iuKjLa .1.1 L_lj_>.i (-111 Ji.1 jl-JI (j-l jrt « __L__L_j__ j ■ '. <'i 
j__: s .l ___. uav ^U ___ 5j_. jjV E. W. Morely ^Jjj- .j J 3 Michelson 

J_b _4_^L__j_>l _)L_J .(3-1 ii -sll __Jj ___- 3, 1 i" i ii 1,1 t-jjLsejJI (j-J (jjl I « 111--J 3j_j__ 

cjjj ,_;j_-.VLj •_;>--> jj j-$l_- (J j-jjV| JM_- 4__j_>J 4_j__ i _UI -_l >jjL_]I jl 


___■ _£___-jji (jLSj !-L__>ljJI 4_j_~ ilL». <____ J n*i »j V Ll^ L"jl_ sjj-aJI 4_jj___ 

■ *'l I 1 __""jl j 5^ ,„_UI :« aj^^Ctl JjL__U c'j-tt> __a LLa I j_-l_ ^jj jJI <L- _l_L- 

j_-jj -j 4 4__>L>JI *j ■ 3_ijJ__ 4 jlr (j-u-i ^jjl (____,L_'_'I lj_J.I ^j'-- * __JJ 

■Lrbj-« - (j ji .i Kj L» -">^L__"_1 __k. «--IjJI (_-_ lj__- Jj*_ 4jjSLa3 (jl 

■ ~JJ(j i"ill 4jj Tr" 1 1 -_-3 (jx. L-JJ--. 

jj_- _i j_*__ (_p3jVi (jS/j ."iiiJi ^5*11] 4j___jl j-g.i 4_j_- -jl». ___.. L_i 

■>■ "i a Ljj) __-lj"_al V j * < a jj-jj 4jLa i(L1jj__j _j/(«-> 30 4__j___j) _.k> ill 
(2.2) J-Li jj____j .j»L»JI J^Li- ~_j___« c_jL__>J <,! i"i" i iiLj Lajj ij-jujL) 3 ■ - - ■ * * l « 
^ j ; ■ ■■ *■ 1 1 4_tj_>JI -Jub jLjl__w^ i"i o o i r> __ jjl (_Jjj_4 — (j^— __l__)La 4jj *vj t. m"j_ 
(j__--_j_> i A 4 in inii « i iiini "lj-«J (* iUk-ijI j, I mt l (jj- ,__jj)-__JI ^l » i 1 1 j I l-i i j 
4j_i_j 3j_a A "TjlL IjLo J-_-ul _JJ Ln^tia -LijJ. («~ B SljJLl i>L>_l ___) 4_j» 
A (_lc J__aL_JI ( __L__'_'I ^L«__JI (jji j-_-l <j-_w Jj^ljJJ 'L-ijCui llll __]J J----J 

"taL__J.I .t_ijCiiil"ill _>___> __JJ L^iaj A __JJ |jjj_a _) . i < « ij -j C SljJLI __JI «jL___jl 
V "_-j-_-j _J j-*-j jU-jJI _L. lij • C (.JJ A (j_« "_aL_JLI (_$jL_-3 B __JI A ,j-s 
jj-___ ._- d_J_a - ,_-_. V I „L»-VI ^l -C __JJ A (j_« _>L_mVI j-j_>LJ -_j___JL 
:j_- A - C - A c-jLjyj v>L_>jJI 3J_-jJ -Jsjill jjj.jJI (jj-j j_j_^l 

t _ L L _ 2L/c 


C-V C + V ,_ v 2 /c 2 
jL_-_L ,A - B - A LUjJj LlLkj ("Uj-._JI) "u_j___JI 3j_wj_J *_____ Lj 
<_ __lcl __JI <jj£" 5J-L- ijjljj _-__4-UI (JaUI) jLL_VI ^ ^L____JI *__j__- 

:_)l -L*jI "-I j g ini (j_-»j ij___il __JI 

2L/c 

r=j=== (2.8) 

V 1 - v 2 / c 2 


(a) (b) 



_o_i__ £__jj| ■ — j (a) ^UjUi.:ti (U_ui^JI .(-Jj»-» - _t_ ■ ■ t<_i - -_jj_>_ (2.2) _£_; 
.j^YI :_-j_>_l j__L^(b)|<__jJl.j^!AJ4^__^ 

___ j____)l _,l_a -V = 0 'j-_&L! a ■ ...•■II. d_-_l___, <_____! c^K I jl 

__L_wj_« J_Jj_uj i(j_ljjl iii" a _)-_<> "i in ty 5 j mljJlj 4_l_l__'I :__"i jiajJI 

c_jL_ Ls 1_] L_al ._La j_« L_.l_3j 4____ _.« l « «i : Jl_Li >L_>Ijlj SjljL-JI cj_l_.II 

~Oj «1 il 4_v.|j] — JjL__JJ (jljjl i ii "ij V (j_L«jJI (jL- i lj____> (__[! i n"l V 4-_.j i ii 1 1 

__L__ljVI . j__ Jia _______! _jj_aj ^cJj . interterence pattern _L_I__JI 

(jj_— ' «j-l—JI 4__j_l_ (jl jj La£> .(j-ijjl in"a jA___ ____ _n"j i ajJI (j^jj_L_II _|V 

y_ljVl jrj-UI oL-j • -L__)M J-LU 4_j_- *-__ -_____- __j_. j 4_jL- liSb 

3_-j_>. I4J (jj-J V (HJ (j-«j ii(_ r L>JLI» j_|--'l I <j 1« j_>_ u- 3 -?^" 6' i_P=b---' >* 

I j-_ (j-L! .^Ij____i _jjL__ j_u^U 4 j inilLj !____. j__i _)l _;|J j-jj-'! £-o 4_u__j 

.S-U-jJI ^jJ%-II *J-_- (_-lj_-)l) jjj (jL-u 3jL_jII 4-__-jLaJJ i__IL_a 


G. F. FitzGerald jJIj , y} ; ,% 3 H. A. Lorentz j-"_j>l < ^ . « i <l 

_>_>jj_3l I jl (__lj>« — QJ) mKjLa _->L_) (jSLsJ «->! L_v>.V JL__) .J--T _»-j_se_a 

(jJ-T _JjU («u^ _$t J n * TJ j) ^jJ-aJ- 1 ! jUv>- (>« I J-». 5 J ji . ^ 4-*l__ jl * jll 
J}L_- 4_j_>JI aUJil J>k __lc UU3 JJ_3_- jJlSj UjUjI ___ L__US->I __iUj 

U-jj _$jI ^ jJI -_j--.,->ll <>L>_VI (___ ,jl j^J j-*VI 4_LJ_>. «yS LLS J_"J . jjj Vl 
_>_,_>- _>_j__. _,L- -I >iSVI (j-J ._>-U_j>_ 4_-j~,nll 4ij.,-,H J_l, •,-,„! 

i»Lc (___■ j-jjj^J ^IU*,,ilj .<jiU£_VI I j^J ^Lj-iiJI _,_■__ Vl Uj_2j ^aJj i UUj 

j_lC Jjj ni<La __VjL_a jl J__-V LajJut I " <i f j__l L_Jl_> jj_ej (jl ^ *> ' L 
4jjL_,l J__« J__ 4 j<j i.iM-" j_j__ oMjj->- 4__ >__*-« J_Ii> ^--3 3j j i *■ a 

:<_-j.(2.6) 

x=r(x-vt), y=y, z'=z, t'= T (t - vx/c 2 ), 
V \/ 1 - V 2 / c 2 

____U Ijl (jSJ .4_5j-_a 4-jjU_>Ijj j-jjjJ 4_a_->U __L_ JL>JI lj_> ^JI 
jJ_Vl -_j , -w 4 .„ J___ll ____, k_-J3 4 j ,„ jUlii ajLM _]| L_VjL__« 
.5 «j iUII ___ (2.8) CjVjLJ.Li Jf__.l j— iJjJ Jj>»J '~'J^-J .4jjji,-i *ll 

. I -_>• ^ *J1'~ <jj_J (jl I^.T-J (jUjJI _J _ _L_J L_lj>__ _jWj (jU 

!»>$__« >* 4j i inill J-^uajJ, 4___L_> _J| ___ 4j__ jj_j_JI __— JJJ fr__— . (_~l 

. 4 m t a 4___»J jLic __*__« <_->_ _-a <_ij__j (_;jJI >____! I _;! .event «*_jU-» 
__UjI j_>.J _njj Ls "GjU. _ru Lj_j — »jj-j (*>__» jL_J jU_I ___■ jl__Ij _;L_ 
(jljUI ._niJj--^-« (j>jjj in _LU_1 l >L_-^_,lj-__ 5 ljJI J . l jL-«jJlj(j'-^l 

_>_jjj i4_jL>JI tf j_jj "LaJjjJLI _jUj|j_>.yi jl_j_3j .4jjL>JI _H-ij __II jljJaJu 
(jjJ___>ljJI Ll-U -jjL-" lj| Lol ._>_»j « ill jl *j j - II 31_CJ_« _$l u_Jj __3 


__L_ (jl l lf->ljjl J) "'_' 0' jA*"" Ljjl-3 l-.l J -V 4jl_5tJ _)J_a__JJ LsLaJ _f" ' «lj " " 

i_j__L__U l_4_c j_j_«j ___]| l_j5___JI _->J-j Lj! 4 n j a -Jlj .4jjL_JI £j_3j _vaj 
4j_,L__«j jJjLjj Lauj- 4-L_>j Jj _ 3 j_u±-> 4____fcJL> jJalll l___Jj La (jl __lc . (2.6) 

j t (j__ajJI eru l__^Lj__.| (j_o ^ * i ■ La jj_ jjjjjJ '"'Njj—'.' 4-l_>L>JI (2.8) 
.5 j j cm'i 4__j__v. (j__j__t_j jLl__l _5jLUJ __a _/u_c.L__JI 4_cj___ l__>L___.I _;! . t 

_y_vj j«J I a _>j) — i 'n Tt X J X (j-ujlSLil (j_j_)lj — _-VI (j_-i 4 I m II il ___-)! 

I j-_> (j-« t (___i uiJjj («J .4_tj___JI ,_,___ , i « " t j _gjJI r (_L_L_!I j_kj l( jL____>JI 

_,_!! 3 M Ml'ltl _jLcj__JI _j __!J ijj-iJ <__J ^4-J.ajjJI 3j_J_>JI (jjj L-3j_C Ls <___) 

4_JL>. _5-j3j . _ j i >> 1 1 4cj i ii ) 4jjL_La ljL_*. Sj j i i <*> _)j_-J Lo 3_Lc I Q « a JjjLjuj 

-d__.L-_i j>__-*_j i C jj___u_ji jukIjJI ,jj. !_->. 4_l>j-_ r ajijji _,j_-_ v « c 

.___jj_J|j (_^jl>JI j_a 4a-»-,,.'iU (2.6) -_i__.L_U _-JJ Llij-_3 Jjj_J (2.8) 
(jjj-uoljjl uJjJ (jjJU — a_UC j-jjjjJ l_j,vLj t"h 4___>L__. 4_njLuJI 4____aL_U 

U__J J — -_=. VI L___j (jj—S-j «l_»__l 4-J-l o - _ S_ ! __l ____.( jjL_*_- X' j _L 
_L_>_._I (__ -_!__*___. X' jL_VI .t = t'= 0 jlLc _*-. s.ilh-. « (x = X '= 0) 
(j_. Sj-u-U Jjjj— -I _jL_>L_j .Z _-JJ 4 i ,,,;!L V -_cj___j X jj__*_ L__>.jil 

4___ojil CjI_S>L_JI __-__j (___ 4,1 m-l CjL-a-JI 4j _ Ju U-JJ-»- JUu _jL__JI 

iL __,j Ijl ._;jL_JJ (jSU. .c_jjl>.j L_j_- V J__- -V JiUL __Jj iL.L_ _M_.l 

LlA ( _, -. tl l JLHI (jc Jjj La < ■ — - i i i Ij J . <J j g n i j LjJJ>- I j-A 4 -r t r, jjJLjej (jl 
.4_uljL>.VI jjLJLlj -_.j_»il ajj-a Jj_i.l CjL__l_>_i_ JjjjtjJI Cj_jL__a (_Lc 

LLjjjjjl 4_loL>JI 2 _ ,.„•,11 4jjj_j W • 0 _ ■ _---tl -', ' ■ ■■ (^ (j-Gjjilil I 

,.,t.j 3 j,..l ...VI ^Lj_i_iJI _-_ .UII _^j| j__ ( 1 ) : Ijl». (j__. inl j (jj| _u_a __JJ 
(2) .[,_-_ljJI jj ,n nll l-jI j] 4jjj „|| jl____VI jJol ^ a 4-_jL_ (jjS_ 

4jjj_L£a-3JI jjo^l ^ji i -l __!_ 4JL)_) Jj-lJ (jl i . i ~- J 4 j , nL-,1 4j a ^ tjjiaJI 4Cj___ 


Iju_j . inll j, I i^il, 4 i milLi 4 j i i n i 1 1 (jj.l i<->IjJ1 4_>j_>. jj__ jJouJI _)i->« ij 

(j_lj_3j (jjj_jj (jjjL-S (ju j-_l iii "Jl (JjjjJ L-ll i " i*i VI i_J_jj j j --VI !j_J.I 

____jjl j__>jjJ _j>Aj__i— 1 (jjj_3 Jj** 1 ■ >l _u 3j . "j _'"-VI _JL__I - j . .._t-.i. *.« *jj _C tl 

4_>.__- ryi _jjjjL_S_II I j__ jjijjjj iUj i"l inl (Sj -- i-_Vjj i ii "II l>j__ L_jL__ 

_L__jVI jU^.^^a - ,^ ...o „ . . jf _,.:-- 

__5L)j_>_ J_- _,_) CjLuJI _>— (J t . - e j (jl i"i'nl JjL_ua __3 _■ 1 1 ^> I j . 4jjj tnnW 
-j__-lj . L_*ljj La __JI (J-u-JJ 4 j m i jU L-j-ajj-jSJI jjL=__j LjLa |j_j_a j^JJJjJ 
j__>1 __LjjJ__ 4__Lj__. (___c Jjjj i^"tj Jlj_L_j . _L__j_«j JjJj_- }L_.L_ IJljII lj__ 
i(jjj_L) (jjjl-j 4_t_-Jj_o __tl _-t~ 1*1 ijL) IjLiJLI Ij-A _J_I i4_u_L_- 3jj_u_jj . 4jL_-j 

U_ La 4_jL_-J jlSLajJI __L_lj__j __j (2.8) j-jjjJ __>Lj_-_ 4j_L__a J_jjJ 
4j__>L)jJI j-uLl_II _j_b _~jj_jjj .(j____**a _-Ujj___- _>jjL__I __3 _)Ijl_oIj l_l-- mj 

. j__T __Jt jlioj _>» _l_ul Jj_-__* 4__j_J_JI __Lu__ i_J (_a 4i_-l j _jj_i-i __UL_^ 

__L_OL_JI Jjj____La __V_L__- __l_i_ i .IU*ij V .4 j iii jUL---ajj-j__J 4 i inilLij 
<ju J___i S_J_a__ _jL_M__ L__ul i ilU" j Lujj ______ L_jLi_ 3jj_>jdl 4_J_LajJI 

jjSj •j. nl" . V a _rujj____i (jjjLUI (_a (jjjjl__il ( _, mjU l iiU j <_->j-s-JI _-JL>J.I 

-_l i \) L_L__ JL-_ L_a_ L-a Lu___Jlj VI _,« i ij (jjjL_>VI ___ __iil"i V a __JL>JI 
4_*_i _JL__ jl _>_>j__l •J-JI Jjj-- _-_"• • U.jK _-3 4j.,ijl-L--ajj^_JI __V_L_« 
__3 0 i.ijUL_La JL»-« Jl_wjj V -_i-ej . __ jU_)/l ___ 4__"L_ L^jSj ^Sjj-La *Luj-£ 
|_jjl ____ 4__t__JI _-_->jj -i)j__i .__ij_g_> JL_t_a (_"j__j J-^-JJ V _;l ijUa^l _1!_ 
4_j__JI 4_=__JI (j_J . I jU_>U V__Jb cJj_-Ul __' jLUyi jj_^(j^4^j___a 
Jjj___>La -.-"jLjJ, Irt iU _U_j iLjjjji) Vl_*_a jjjj I a l'i « I jm jULlLa VL>_a jjjj 
(jJjLUyi (j-a J^ (-9 lg "--i^ (j-ajl-J (-Jl 


_Sjl9_JI_J!5j_JIO» 


^__J| ^^ic 4 jinjUliiajj g*vH <_iVI_>e_JJ Jjj-_-tl —J-jL-a 4 M.gL-a _-i-«J 

^l) (_-j>$£-I JL>J.I _-a x ^j-Jj j^p Ej , _*»j_i_l <__ jLU)?l .__t__l 
. 0 .„jUI;iU JU Jl JiJLLB^ <__> .(L'___tfl ttj-wU.I^L^jJLI 
I o .it J£) x jj_-J.I _-L- _^__aL___J.I (j_____-j__IJ (jlj-«jj BT j KT (jSLJj 

_,_ 4j_LaJ.I Ol j o^ll __]) j j ni "<l 4__j_<_ _-_>_) ;((_yjLjj 4 -r 'l a _>_, 3jLj__ 
_j__L_ll 4 -r ,n^X\ 4_jjIj__OM ^yU^l I j-a iijlj--L <(j_l . Z jL_VI 

•.4jJI_JI __.___] LSjJo cj^UJI Jj-__ .(2.8) 
E n = , E u , B u = B n 

eT = r ( eT +-^- x B) , bT= T(bT- 1 xE) 

j i " « i j 4_iJ___ajJI j__jjj o}Lj_-_i - __J) 1 Ijuk Jj~- 1 n"i Julj <_> VI .1 ■ il 

. 4 mi 1 1, 1 Lgjl iiji l-i"i_) 4jjj_JI l_jijal i>ia (jja I i rt 1 1 

jS-_-l*U__f 

____ j n" i ,i a j X' jLi--VI jUal ,___) (j-JL. < i j < >»^ Jjlo J_4J D_ (jl _>_> jial 

. x'=a + D j__ j-_i-^l __3jJ__llj x'= a j_i_ 4_j__jJ_, j_>.L x jj^l Jj_> 
^U- j-^j^ _____ oi c_-*j __ jL-_VI <___> (j-L-b U__T D m J_jJ-JI jL_*jV 

JjJo ,j_,L_ Lla__ 4ji_j La I j__j . j-_VI <___. ___) t ___ 

< Jjj__JI (j_ulj_l ,j-a i-J jtjm) ,_jj ______ ._] j___a <<__->■ 

D m = \/l-v 2 /c 2 D. (2.10) 
j-i- 5 .! jLLVI (> <_________! _3_j (jjjLLyi j__-l ___, j__,ljJ 4____tL 

__L<JjJI <__j_>JI j-_L_jja. •(^j--*-l Jji^*- 0 3-al <i" i "1 _r-=-) JjJ-JI __- 1 ■-■■',<'« 
jL_.)?l <___ 4_JL__ ____ 4__.L_ij j_t Jji-JI I j__ _l D, j_ajj| __3 r w lA...t l 


j_ajjl ^Ja ITl _,lii i nll w-Sj-aJI -t___,jj 1 o i j > '. l__>L_u 4-j_5 - i n -».11 (jj-Lj (jjjJI 

^jj lj____j .«..j.nalt 3 , ,i,;tL, uJ ^a^UI jLUyi <__a _-.!___> U£ Jji-JI D m 
)j_-J-"l jl_-_»I jJI jUol ,___ S_.j__».jll r l ...■j.^l (___ L__.U_-.I j_^,Ij J_ 
-jij.t -w ^JI -r al" U___Jj i4__>l _u jf I ; ■■■ ' ^ 3j_-_j_a j_j-_ 3 j-_L_JI a j__ 
. contraction ,_ ) -,U__ J 1 


>_»jJl (-Jk-l) *ri*-M 

. _,l____J jLLaJ _l_»l- (j"-_— a £-t-5J 4_i_>U- 4_cl 1 1. I (j-\" ii lr> j i "i r 1 

(__ (_)__*__ _4_->____.j_> L»_> (ji ii 1" -T_a (ji t ii-> j-a ___) _)l "iiUll ,jL_L_> __i___»_> 

:4J_*1 tlL (jLL_±jj_ (j__a__J1 (j-u (jrt",jiajJ1 (j_ij__JI (jl j-jj_*j 

T 

T m = . (2.11) 
VI - v 2 /c 2 

4____l___ (> Lku! jj-G _J j_-___il jU_>)M (_3 4__L_JI ,jl J--olj J* .1 ~m«i 
4_aij_ j__c (jl ,1 "■" tj ^y-J^I ___-- _-J-»-jll JL-oljJI (jl ,_----) 1ju-J .4__->L>JI 
, iii"tj i J_lLj . Ij-JJ-i Uaj! j_*_i __ic j_4J 4-C j___a 4_uL__9 4 ij ii 1 1, ___i ..j-wjil 
j-sj <_-_J-'l __Lc --J->-jll 4_aljj j-a-C (jl fr L__»__J1 4__i___ __£> _J_>-jll J_i_>ljJI 
_;j__>L__.| ^^LmJI» ^a__ul 3j__>L__JI .ju_ __Lc Jll-J . 1j__u___> L___>i j__*_. <_i_- 

ji _ilj . (j___>__a j\_J j_t Lulj ,L____.L__ (J-.J lj_* . twin paradox «-jlj-ll 

,4_ul_ 4_Cj___j 4 ii II. ill 4^j_>JI U.L-T lij ^jljp-o (_Lc (j_J-^l jJI 
(_Jj_-? 3j_a L_a I jij"lLa IjLc jaj ij_>-VI (j__ I n i».t--t (j\ 1 n" i ,i a (jlj__jj (jLaljjJlj 

i.Nj __1J L__>-lj Jj -r "m (jt I «i it>, ) -_l j-jIj i4_>-jJ1 i i j r L>_> Ljl___J 3j__j. -___> 

jUoJ I Q ^jl ,""j ___ll 3j__>L__JI «juk J_-a Jjl— " . 4-Cjl in"il,l 4__j_=til j____jej 


uSjisiJi^iSjjJio» 


(^j-a-Sjj . 4_<iL_JI ~ A •• ■■ -L__j___j ,__!} «jjl Jji-J 4jjj_____3 j__»'_' 4 ; ■ ■■ _■ jL___1 
(jjaj) 4-iv1jjS _■--. (^jJI ^tj-JI 0 >Lj 4--LJI 4 j i inill cj___> __3 JjIt"iII 4__3>L>. 
JjL_J I a.l ir Li__i ji i <-> I j IjL__i >' I JJ _S jJI .jM* (jj-jl in"tl -jLLJ _-_> JJo («J 

. LL- _,LiIj_JI 

*Lij_i_a __. (j_____-LlJ 4 ■ inilLi <__jJL-j _;_-_- *___. ,j_«j-l (jj_uj) *-__j 

l_iL_j___j _ilj t""i CiI nj i ii-w j_- _jjLL_uj Lo lj-J-_? (-4-1 <- 'J~- i4_JL_J1 4__LL_JI 

__>L___-____a jl -__jj_J_-JI 4__t-__--M ___£■ -lj__u .,J____JI -__-J___- _jja ljL_>- 4__LJjJ- 

.particle accelerators cjUj1n7.ll 

4_3_L_j -.j-S-io pioil jjJjJI Jla l''j— * 1 1J-— ^ 'JLji.1 Jj."" cr— • ■_> I 
-Jj--V 4 iinilLj 4j___«lji« 4_3_L_JI .j-A j i"Vi .cJj_i _)Jj---II _)JJ-J 14 (_-llj_- jljJ 
_j_ 3j_-> 4jL> j-a-H 4__L__J1 «___> Jt —_i L»__j Uj * 1 J_-j) — jl flj . <i -_J1 C ij^ -_r < o 
_j_ l-L>. Ij-a. 4-y>- _)J-lJI 4-_j__- O^— 4_)L__JI fj_-> _UC .(_)jj-_J _)j____J1 -____. 
mUOn (jj-±~ (— IJ LjLaJj JLa- "1 j '-, <jii"i ina j-J-C I oj 111 -v -t_u__jj iej__aJI 4__j__- 

_j_CL_JI -jLL_J ____ _)j m II 4 im j <_> _;jJI j_-jJI J____j___ jjjj .neutnno j_j_>jjjjj 
_j_j-_JI _)____ i_hsj_I («-J--j) _— j _—4_ _]___> _,___ Ijlj .-_-x__j 2.6 x 10 j___ 

)ji~ 800 -_ al 1 iill -_ — -■ _■ ■ -"■ (j-«jJI jyjmu 111 1 iiij . J I t "m _)l JjI) Ll_j-_j_ j_j_-i 

. j_-_L>JI C-SjJI (__,_! 4-_L_J 4_jJ_3 _i>iJ (jy-lj-JI ojjk Jla 

jLUJ __-_ (<LjjI) _L__llj\j__l jJLlJ (__-JI _ll__S-_'l (j! JjJ -t"1I (j_lj_- (j-0 ^j-y 

j 1 "1 t"i L__jI 4 ~-j"ill aJ-* . 4J 4 1 MiilLj lJj_*___i j_>-I jL_-J (_--J LjT -_iJl_>-i _)J La 
J__>-jAj Lc_s - _>_-j__9l iJLjJ.1 Jjj_-j (jlc .4-__>L>JI 4 j i inill i__jlj_C. (j_o 3jL>.lj 


x = - j__. 2 -j_L>Jlj t = 0 , x = 0 jLic -jjj»_ 1 -jjbJI oi -I jL->VI 

jL_ijL_-JI jj_J ' j-^J ^hn- III (_>___ , >ir (jl n I" V a L_4 jl i«ljll . t = 0 .D 
ijjjjjj _j}Ljj_>»j j-uljji (jjs i<Uj() ini j_ _» J 4jI VI ijUa"i/l i_JJ_ ___ j_i_~lj__« 
t'j = 0 : jj a j_— -«j .> ir X' jLJo^l <___ j____L»JI £jiaj 4t jLpi-l 

. [(jjlLaljia j-tc. jruiijUJI jl ^l] t'^ = r Dv/c 2 j 

t-.-fj-.lf 

U 4_Cj__. 4. t _ T_ « jcj-j-»- 4_j_- jljbuajj jjjL_>yi ___. j_i_4jj.l jl (_p-j__)l 

: r lj-W_-_L, -I' jLL_)?l ^_3 u ' j I jU*VI «___. 
dx'= T (dx - vdt) , dt'= r ( dt - vdx/c 2 ) 

: jf -LsejI jS_«J 

dx' " x -v 


dt ' x ' l-vu x /c 2 

:JUly 

1 u I u , 

V =-L __; u_. = -±r S— 5- (2.12) 

y 1 1 - vu x / c 2 1 1 - vu x / c z 

4JL_- (__3 j__J__lj-_0 I I Hj (___JI __.__-J___JI jVI j__llj__JI _>j__> J-UjJ 

J» -Jj ' M.1.1 o-->JI -jL_iL__ __J} Jj -, V- v « c jLicj .5 j i_j-_> 

.(2.7) 4J_L_1I 


3jj___JI <_--_- (2. 1 ) 2 — I_L__U j__> j_jjjJj 3j__JI jj-iLs 3_jLi_' j-SL«j 

(jj. U j ^ji.i-yJJ 3jj ..--.II jjc. _J 4_m_: ___ P = ITIU <____- :F = dp/dt 
jl 4jI— __J1 ___ ~l— — _<jj . jjjjj jjjL — J _£j__— u— Jl ^— j— _— — II j*w .". ij I ^J— ) . 4_— -j—l- 


j i «~i J.l t aj) 3a__JI _n-i __jj- <_-Jlj) iO>Lc! 3jj)____,l 4_Jj>jj)_j_JI 4__}L_JI 

j i i t ~n 4 tt _ i - 3jJ__3 ___ (j-Uj '_) J 4_>JL__ J a "l I i "i i_Jj 5_— II 4_J-___ 

:_Jj__JI 4j___J J_u_a 

dn mu 
F=-^- , P= . (2.13) 

^-^_Jljjj!" ^ -^14^ '^J.l' 

|juj_>_ _, i <-» "" _^JI (_p-*J i4jj j i ii i>_ll Kj aLbjJI ___ 4_uL__j 4 n$ a 4 — • j" i 
COIlSerVed 4__,j_i___ JI_j _jLa-i_-_»JI (j-a 4_aa___a _Jj_-_ 4 ja< __)! a-».} _)Lj 
___C 3j_j>__ 4 j >J-_- 3j)__- _-_L__- _JL__ _>_-) («J I jl (_>ajJI --a 4___ilj _;!) 
"j ~ ' jJjp ij . .. -wtl _) V j j « "■" I j '■! a. 3_j__II __j_s__ll _jLj__> Lal . 4_aj___U 
. Lolj _U-J — Jj~-"ill 4.j.i_> __!L_>-I _>-Jj) (__- l<)'^»V 

IlliiSS _)j)__i_JI 4-_U_ - j j * ■» J-u-i-J 4__U_JI __jj_-j L__ul _f" "■'■_'! J-i-J 

:_)! -__jJ j_- pj----^ 1 4_j_-JI 4___j) _jjj< ... 11 4_>U_ ___> -_a-j ^energy 


E= \/l-u 2 /c 2 = V(mc 2 ) 2 + (cp) 2 (2.14) 
o__j-__II -JLs- ___j) . (2.13) -J.LJLI _>_ ____JI <-ic (jjJ-»-l >---- -_-j 

:_JJ 4__L__1I _j _'___. I -j-A Jj_-_ ej___ll 4_:j__o 4_j_La 3j-J__JI U 


E«mc 2 +--^- = mc 2 + P - mu (2.15) 

2 2m 2 

mC 2 J_-J1j ,4_j_>JI 4__U_J 4jjL_JI 4jjj__j>UI 4Jl___JI >_ J_-J1 

2m 

lj___.j) .m 4l"<ll 4_l_-L__J,I restenergy ___-,_JI 4__U_ >* __jj_«_JI ___ 


4__L_> __j_*j .S-JLc jl 4______ia 4__L_JI C_L_ Ijl Laj ijju I a j4 _________ 

.Udjj Laj __,<■■■ II -____> Jjjj. La 4_>L_ L^Li K = E - mc 2 :-J_L_JLLi 4_.j_>JI 


-_)__ _L«---J -Jjjj-o CjI <iji.i> 4jK1l 4_sU_JI (jT 4_i_ l_u_ V L_~ 

ol <>j .n-sll _ij_-" L-ju_. _>_J ._)j___Jlj 4_j_>J1 ___-_-_ (__1J 4_L_.)!Li «___>j_.l 

<LJ_JI --1 Ull (jLa <Sjj__a jj <* (jjS-J __J_JLjj < Ijj*-^ (_^__lJ1 I J''^ - ■ _►_. 3_U_u 
.(2.14) SJ-L-U __S 4_>t___jJ.I -_-Lt_JI ,»j_ ^J-«->- J__£> _;jL_- 

CjLfljj_iJ _)_a 4_JJ J-oj La (__JJ _n". Miijl _jjl__ ,___II L-il i i n j_ (j_>j__j (jj 
La j__j ___- (jJj-J (jjjL_I _;j nn'i | <ij m"i (jja jl <4__LI_Jlj L_j_t_JI "u__J 4jjj__j 
_1_ (jl mi i 4_j_jil 4_j_9L__j^/1 l-)I ii j U "ill (j____i _JL__ (j-_J • l__jl___ L_*___j5 
.L_j_a 1« in-w j i"< r 1 .OjIj ^ mi-sJ (jj___J1 4___aj .E = mC"" 3j_i4__J1 -JjL__U 
ubj- 1 . O^JLHJ OJLH>H i> UjS-a («-*--»■ 5 jL__- ur*J 'fJ_>rHJ.J s, >j o^i 
__j_- i«(j__i» jl___yi JoLa j n-r ii') l___J . J_jIjj _L_- __3 j_i- VI Jj_- I n () i o J£ 
LjjIj (jjj_jj_jjJ1j (jjjjj-JI J__ j-4j_« (Jj-Jj <4_j_J 4_.L_i 4jjjJI _lj_JI tjjb _IJ_J 
<*j Mi -*J1 Ijuk JiLo 4_jL_j __IJ iSjLc jj__u _►_—> .4_j__ 4JL__ __3 I «i g'il (j_a (__jJLi 
4_L_-_ , L 4jUj__o 4_j_- _j_jUo (jja __Jjj 4j| ____ -_^j • ■ ■■'■ V jj___« _>_> ii___jjl 

(jjjjj-_JJ _>j____1 __-_-_> L-s-jJJ L____i ljL_ .4JjLj__JLI I <m> i -___U_ __JJ 
■i « i ^jU-, a ;<l ... il sljjJJ E 4_l__J1 4-_LL_JI (____ _L____j LjjLa <(jjj_j_uJlj 
M = E / .iljiU a__.jj__Ll aj__JI i .in-_j (ji ._*" .'iimI 4ij m ^l.iy- mLi ,_Uj 

L^LijiL. Jl_>" ^j-a-t-- _>£. Slj-JI 4j-_?( M" Vij .3lj-JI 4il_C «jljjl <___ (___kj !C 

interaal emergy «4_J_-ljJI -__3_L_JI » ?\ 4 ,„1 j___j l_4__ _SljJI ____} jjjj jjjl 
.-..jJiUI __jL_? Ijjj .3lj_JI oLj_J ,> a -kJIj 4__? > j>JI (_____l__ (il <4__.jJ__4_J 

.Aj.wjjj 4_Cj_>JI "_-__> jjSo L_) ji_>L 4-JL_ (jj_-i J^>JI 4_)U_ _jl_ .-Jajl jla 
^jii> « _TjL-j V (_Jjl>. 4 «U^ i<j_;j_>. i«jj iSIjj) t—Sj-a p i ii-*. 4j_S .L_aj___ 
|j_>. _jjS_ (3jj__JIj )4j___L_t_« -J__JI (jj_j V _-i-II Ij-d-iJ .4_Ljj__a J_i» 

-lijjJI lSJM_-_I l-L (-_»• jt '4_LajjJI (jjl_JI __3 -___->UI ^-i- (jjj __i__i 


tSjlgSJI^ISjiJlo» 


■ jjJJj-Jlj jjj___IVI _ , " ^J- ^r -O _)_« J-4 ^Tj-^JjJ-l^JI Sjj 2Jj_> < JL-1.1 Jj-i-l- 

LOL-M i ^LU *_;j-»- SH^ .J-J.Lj . Ljjj--j jj_— - <->UI _-- cj-»- jI-Wj _£Jj 

*li>>- UJ-- ^yjJl _)_. -»■ n i ^ yi 3jij (j^jj-LjjjJI <__J j j Jj-" £_$-_«-« (j^ I--»- }Lljj_» 
^>_!_-- _>£. Ij_>. }LJ_ 4.1 !"■__■» J__" I4J njj_*_ -Jj__U oljjJI ___i _>--i) tUI 

<___ «j_>- jjJI^ deutron jjj_jjjJ1 iJL_- _-a _jj---l • I jSLaj .(L-sj_ij__- J-i? 

. LsL»j -'«I .*.".Q jSLa-J jja _£_) LjL». JJ* jAj .i__J -M 

6 L__j_J i^j-JI JL-C-M j-j-llll Siili 4jj .mm-.II L_j--LujJI c.-r nnl 
__JI X pj ■ ■■ _, 1 ■ ■■_' La i'Kii1 -_■!..<- j j " r I . Jliil Jjj 111 __Lc .CjI 0 _i 111 -»JI 

: UJ±>J UJ> 3 J- J 

__ -> n + 7t 

j-Jj . jjjjj jjjjjjj jja Li_>j_a __ pj 1 n -».11 jl i"r I jja 3j_iL_ _JL__ _>-jJ 
(j_sj__j ('•m t- ._--> L_»_C L^jVL>_j »1 j i*!- 1 ! j 1 '1 1 1 .i___j—o _j_5j__J .J__a__ L___ 

. jljjj jL^___w ia_*___l j r _v4U 4jU_ji ,j__ ^ (jJLJI) (-l_,_»l (-j-j^JI 

jl _>_>j__3l jj j-H 4___" 7t ■ jjj-j ji II 3J_- m . __ pj ..17JI <-__T (-_» M _>__J 
__j_>_ u "j o*s jMi-p k j p (jjj-a jJI jlj 1 J-uJLI jLLsl u& _>-■__- _L ^jm-^t l 

Ij_l__? (j-i U__JL_-I 1 « n L_J-__ [_jj_j__1I ___-] j>J-Jlj jjj_ij-L_JI 

_-__] jj_-_Jlj-__j_>JI _____L_J (jlj-ajjE J Ejjj ujlj-L-lj V.-. J -•■ 

__ijjL_ -!,'■•-"■ . ..1 ■ . E (jj-jjJI 2_aLL_j jj-jJI ___ l-_-jJ Liii _i_>j__3l . [_jjjj_JI 

:_ji -ijjj -JsLtaJlj _J j__JI 4j«< s L_j 

0 = p + k ; Mc 2 = E + e 
__ pji.i-.ji ____]_■ (_-__j .--jjIj-Ij.»! a__u_ji ji 4__j____ __.iv, ,„1 j__j 

-J_L_J.lj (j*Jj_L_U _ruU f l > V-....Li .Mc 2 -jjSL__ -_aL__ VI (___ L. ._k___ 
:_)! -Uj] -Jj^_j_>___j(2.14) 


- ■< .... ll< _ .AH. 

E _ M z + LT-nr c 2 
2M 

4_j-_J l_j_*ia Oi>^' J>— lj— • __ J— OJ^ _ll — =*J 

__ulj__1j . 3_o__)l "_jj_j___1I 4_»JI i n\\ 4_i_L_ 4_>._>JI __L_ ,4_i__L_ 
(_ J_3 Ll_ J_U L^J i-J>--> __J1 _1 j-___JI 4 i n <j 4__L_J1 »1 n i\ 3 u jj_____| 
j»jl___ j_bljj_ Sj '_J— ' 4 ii1"iTr a Jl_— oLL— (__9 2j__j Ltjl n --I 

.{_-! j__ _J_ 4JL_I _jI_U_JI 
4_lU_it§ (. j__lt <«*__ Jrf|A-4t gfft$» 

in -».11 _-__ 4 li 1*1 V a 4jjj____ _iIjL_J _-_ _jj__>1jj| t-_3jj 1 a.tit - 

4j__>3 4_L_JI J a"i < j <__u< («l— j 'J--T _JJ _ J j i 4 _»L_ __a 4_j__JI Jj -- *"i 
4_j__ Jjj_>_ |«_j l_l__ ^ *j j ■ __j__ _l I ■ i< j 1 'i , 4__j__JI _J_ _!j_t_J1 

1 •■;<■_ i_jLi__>JI __a J_i * i^i jj___j__ ; j___i _JJ jU_J __a 4__L_JI j _Jj____JI 
,4_^lS_jJI _jl_i!ilj_>.yi Jjj_>- 4_uj_> _n.iM __j___ E j cp _! __L____1 
:_l ljyj__ _1L_ . t _p_a E/C j r J__a Cp Jj__Li «_U__ 

cp' x = r(cp x -vE/c), cp' y = cp y cp' z = cp z 
E = T(E-vp x ) (2.16) 

,4__JI (-JLHIjj ._____JI 4_j__ _? __a _____ j_.J_-> _______.! _jL_lj 

:_l _jt . _)j_-Ji _l i ' \ i't _j_ (_, « i ij La j— >J i-L__VI (_—_>__ J_ (___ (j_uj_ __j_j 

E' 2 - (cp') 2 = E 2 - (cp) 2 = (mc 2 ) 2 

/2_3 


3 . , „ ^ Ut •.. _ jIj_L_JI j *.~.~ 

4i-r i» jlj_u_L_ . cj___JI 4_Cj__- ___> i__JL___« 
jl 4j jjLjj _J .}____ LjjjI Lt- 3 ''-*--?■ - *■' 

4-j_J_Ijj <j j ■'■■ j_____j La j_fc I j_*j . jlj_c_>_1 

JL_»Jtlj .-jj-^-JI JL_*J,I ^j-t-L^ _> 

jj_j 4_j_vj __~ lj_0_- _lj L-"*- 3 " '( _J ' " _1~ L__.I 
jj_3__a l_4-jjl 3_j_l_a i-l o j m -V _JJ__JI 
Jj_jjj , _'L~__« 4_s_-_JI i— !__>_ _;l :__t~ij inj 
|_) JL_J .(J>--f 3 i~- m , j_jj 5j_3 JLj—,1 
_jj-_ 3J _JU Jjj i,i<L- -j - _Li a ___ j j i t~ill 
L^J j____ V 4 <il"V a JjJ_- ^-JHJ . (jl ln j i iijJI 

4j___L. , JLUI J^__ _____ : Jjj___La _jVjL_I 

»U_VI JjL ,__c j_>. j-ljjs <_a J____i Sjlj\___ _ jU _ ol _ _ 

: j_> B j E __J__J.I _U__ Ju>JI _j_j +X .l__J£y--_-JI. 

_ai>_i 


LSjl^SJI^ISjiJloi. 


E = E Q F(x-ct); B = B Q F(x-ct), (3.1) 

Mpj-i-, 4jfcL>ulj «jljuU l-ulj 4_*l_o Eq ic.jj__JI kc.j-i-u ,___4 C i*-m->. 

u> v~L» -x jj--UIj E Q ^ ^Lc ^jj^ l-uu 4_*___, B Q . x jj_*J.I 

j\~jjj .(CgS) l_i ,«j>. ,«__ CjIju-jJI ^U-J ,___ jlj__il (jj-ij j_Lfr*_il o_>j-$J 
4-u-_- _j_*_« .(j-aJJu . J-^^Jll JjLl-U 4jjLlo.I «Ub yJJ (3.1) ibLtil ___ F 
C «Lc j_-li 4jjjjJI Jfl'n 0' 'X " Ct 4_l__»Ij_JI <__ J-lL_ t j X ,___- J_«jjlj F (jl 

■___--; ^j_i.i JjL- l_Ll. . I a K .1. <____ 4j_^L_-_« x jj->J.I JjL ___!_- u_yuJI <__)} 

JjJ--Jl ■>ju.j .X jj_*_«-J l_Jl_-JI ■>L»o-M _y3 ■jL_-__JI (__tl 4iju*_UI 4jjujJI 

L_i_<_« J__iJ F (x - ct) 4j_»SJI Jl i,-n„L _j_uj „5L_,1 a___v-.jil 4j__JI _j____ L$J 
(ySdJlj-jJLI -Ou-. L-^-SJj ,l!-ljI4_jI |-,V| 3J|_ Gl-l> >G (x + Ct) 3 i «<tl 
_»-!_«-». ___a 2j_____UI L^LjjjJJ SjJiLL» JjL- l_II___ jl-wjj .X + ct -_j___alj__tl 
j_hj>. J-oL- _jl ___a (jjiSo 3j\L«il Jjjj_L?L« SJjL-a <ii nU _j_£J i__;j_>.VI l___.L>u VI 

!L_-_jI >L>. j i'hj 4-aj___« 4j_sI__ 4_-j.«-ra __;V JjL-JI 

F (x - ct) 4jfjJlj x jj_UI Jji- <__!_. [^jil] jL___VI aJL». ^l alil 

:4___Li. «ULe-C 4_lIl_II 4jm-.I1 4jljJ| j__uuj l( *-!-jj (jjj __!___» j-jjJ-u (_--JI 

F(x-ct) = sin {k(x-ct) + <t)} (3.2) 

La.lir (jljj___j (I jl.Ul | _~, ■*!■ «j 4 j ij-hII SJIjJI (jj j_S"l "ll ,jl uiii^ll 
(__JL_JLj .27T jl.V n «II i_JL__ j! ■ .-wj-ja ( rtf I - ___L> 4jjlj\JI -t__w 1^^? 1 jbj-i 

(__JI x j (>» l_! jj-jj L«jl__ jj-C-j t ,»jL-a ,j-«j\J signal ^luJuil 5jL_-VI _jL_ 
ji ljJjuIjJI jjj__-_JL LljjJI (j-lj__) k (x 2 - Xj) = 271 jjSu (jl 4j_oj_i x 2 
-j-5__u .( 271 radians = 360° uj-Li-a .radians 4jj__L-_JI l_-____j LjIjJJI 

JjiaJI L-ijl<i<n k L_9j__j ^cj _j-«J iX^ - Xj jlj-_jJI 4--I iiiaj A, ____>- jjl JjJ_-ll 


<<^___l»|__JI_Li_L_ 

SjL__?l jj_j x ,-j___a j-i^ji. 3 j ...-.IL, .JIUj . k = __j_>. .^jJU 

___> T 4_ii«jJI 3j_L_JI oju_ .kCT = 271 _j_J ('•ij-teJ X 4_u„j 3j_i_i __a I fl . u rt'. 

__j_ lSjjjJI o^jJI ,_jj1_l- crJ^sij) 'i?.jjjLjJ.I 3jLi>U period _;jjjJI j>ajJI 
4__}L_JI o>»L2JI I j-* S-^->v jj - .n.j .f = kc/27C _j__> «\j ~. f jl j£JI 

i— ij i'n J__L_- _jl :f X = C 3jj ir-.ll <____ 4jjjl__JI <j_jl-J,l __3 4__jj__,l 

Ijjj_ 27C 4jIj£ _j_L__Jj . g jj ■>» U <L_j__. jljJL- (-^.jJ*.! Jj-JI _-- -^j-JI 

JJj_JI _, n i ..J ,jjJI -JJ____LI (Ljjj__) (__"L Lo J£ (_3 (j-M (>a j»,.V' . i__j__ 

27C (ijL___i CO _t .0) = 27Cf "J_L__J.L --_-_-. j_>j 0) [^jlJJl] .JjjIjJI 

jJuJI jl) jl ,Vm-'I __jlii (jj_-)j . f _-_-^ U ir->VI _;jlj__JI jjjJJI ,_- Ljjj a 

(0 = SJs^LJI Jajjjj -ijr^-jJ.1 JjJ-JI (_1_ 2tc 5 o ^rjUJ LjL__« k ((_>-jil 
.^jll jjuJIj ^jjIjJI jjjjJI (jjj kc 
oL>_l __a 5j ,*;■';_ 4jjjjjj SjLil < n,,-.' F (x - ct) 4_«LJI ill jJI 
JjLJI superposition _-_-lj_i __- 3 jl . <• x jj__>J.I Jji- <___ « jll 

jj__JI £__» .4 j -wjjl jljLC Vl J__J Lcj-»*-- .^^L_l 3jj_>J_JI 4j .j-kII 

O^j) cr*->* JJ -=- lJ-- 1 ■ " " 5 J>^ _rtjj-l_J.I B Q j E Q __ ',« m . I Ij <t) 
*L___I «__ Jjj___L. _j".jL_. >L-L_ r l_JI J_Jlj .(|E 0 | = |B Q | jL__.L 

)jL__VI _j_kL>ul J-jjj-j- __- l_ji-La .^J_ll I j-> S-_ 'l>i J-_- j_JI 
(>a jl (_j 11 0 miII (>a j_L__JI ^_u_VI __fl _jr>-j_ LaLoj i___lj_JI I j__ J_a 
4 «iUio _,_ LJL_ j_Sj__j 4 j ->- J— a JljJol _JJ_a __3 l_U_j i__jj___ ~-l j i^. a 

.((__ 10" 4 = j____IjJI ojl^ 1 ) uii)<j « 0.4 - 0.7 (_5jJI *j___JI 

<jt La_- 'c-^jJ.1 1 j-* cr- ^ib^ ^-J--*- jL-^y 4__-L_- . , ,j r ' , „*J 

._l___yi jJL-L. I iij c \ --Jj-J _i--l j--»-ill _-ic (im ir-.*i 3^L___yi -_ul______ 

1 4-3 L_> J__>_ 4 j 1 „ jt-> l ' — ajj ^t l _jl_>-jj,l (jl l___jl !___ J__-^L _jt t j i jj 


_-jl9_JI_J|6j-JI_- 


,-J jj_ .4i>j_>. <_iU_ u ■ __J_JLj .4j_ULI __L_a__JI jlj__l i i i iim <_$_. 
J__»_._-J_t^._i-» j__»_. o-_ L-a ^-.j 5 .! 4-fllL<j"n 4___if_M_j>_ 

3L-.JI __3 Ijl i n*'il JS? Ijuk _)t jjj ._Jj_>o "Ua^ * ji.nULLLajji^tl (_jL»-jJ,I 
N ' *-"* .3j~_) i f I « i ii I j (jl 4___L£> 4_»-jJU ( ffc a (—Jj---- ^l_L__J j*. «ij jj !4j^jjJI 

. «_3jJLj (— Jj . l~lj (jl _>£. 

<_$>»■ I _lj>_j metals __lji_JI _g v i ■■* jl__ 4-4 j____II j__> __jj__.l _►* 
4_>.j_ (__j|_j LaJ-j ; Lj_j_« l*j-__- ___* l-jjL_ I j_w 4_JL_ ~jij_- -_l_>-jj __JJ 

(■m ->■ _>-o ._JJj i_ll j i nt (-.-r i^i')lj -4-_jj j--->? nj__aJI jl__» (_---! "jlj_>JI 
(4-3 JJ--" t~ J-i-t J.-wL-JI _____! I i "im -' - ,__ . J_Vl (____ 4 j rt j<l l 

.4 j in jt-LU ajj ^< II "Lj_>J___JI jj 4jjI j_>JI LSLi__L_j__tl <__« J_ i_j1 « j *. ..,lj 

j i*"i ijj (_jl i— • ~i jlj__fcl -> -JjJ _, i njU I iL ajj^£> i_jlj____)l "_J j_fc Lo £j____Jl_. 

,-J_L_j__JJ <_-JL_JLj .jlj___VI 3_Lj __J1 __L_Vl 3jlj_»J1 (j-jjpj.*L___JI (_9 

(jj-_l -_>1 ji j . .. (__3j .(__l-.l L-jljJjj jj*_ 4_vljJ _jJL>o L*_ i^L___yi 5j__ 

Gustav Kirchhoff (( i__j_j_j j < __l *. ,„__3._ ■> 1 U*. . „1 j ,,, r _,.,1 *.ll 

jJL (-31 A ". <l _J1 J-_>J-_ (jl *____! _vjJJ-JjJ.I _i___l_J1 (> p-.n V -,t,l 
(jjj .T Ls 3jlj___. <L>-JJ 4j_j__5_a 4jIjJ_>. — 3jjvI tLcj j_p_-l .4-j____'l 

^L___l (j-l , ^»*i alj _jL_«__jI (__1_. "j-L_ _j_j _! (jljJ__>JI ,j_^J J--J--J.I 
L-aLo- L_9jj__-_a _y_j («J _JjjJI < ij ^ j-jJI (jt (j-a (0--jJLj . _ , m jU l ii ajj_fl_> 
.Lo Sjji^i ) 4jjj_4_^ 4 i-r ni ____. (__J "i Vi 3_UI _t Laj_U_a _)L_J 4jt "_J ii_JI jjT 
.(_.,i < tl Lj .^L___J _jl___j| (_IJ 5jJj___JL _J-JJ 4_Uj_$_> 4 i -r m i jlj_ukl (jlj 
^ - (j_a 3-3lJ-> (j-l ■»*■ "I (_tl (j-JjJ ljlj--_-l t-al ... II ^L____VI ( i j ■ nj 


«6 > _ tf ._£JI>> faSJ\ \\,;\1,n 


_L_iL (Jsj_».Vl *L_jJI _^_»j l_j__ _>_>! i.^' a_"lj .__L_j_l __j _jlj_Lj 

J_ J » 1 miI j _- _ «a <>L_>_il J_S ___ 4_jI__wj_i )_J j ■* " < "> _ , ■ „ j U i i « _< u __fr_? 

.( njt->ll _il_Jjj 

4-_Jj .iln j i ii ) _, aLijJj-aj-j _L_> j_> j»l JL_____uL . 1_3 j__j-j_£ _-— jt 
(_1__>_VI — j! <i '< a) -__Ljjj_ijjjl (jj-J (jt ','TJ _L-__i)?l 5„1 iii (jt ._jL 

(_iL_.l_»_iVI _j «--V ^jl i.rJL -_-j_*___ 3.« ..Vl ____ LfO isotropic 

,(_IjJl_>JI (j_« ______ JS" jlIc. 3jl__JI _____ _;!) <;_jyi J_4 ___- 4 o tv< i aj 

__J|j_> 4__sU_ 5jl__ _;! ._L___yi ■ ' j— _1 L__jf -_i_>jt __it i_____ ___>Vl j 

.<jljJL_»JI _£__ jrjimll S_UI (_J_ L__U__a Ju*__*j Vt ( . -aej .j-j—UI (__ 

(> (,_*__ 3j_>-j J_J -__U_JI ^l) 4 jrl« Ayi _sLL_l _jI__? ^ u ___J 
4 « j jV-> (—--_■ . ' « " «" V U _t (*•. j--j .0) __jj jlLc 4j-_.j-j 5j— - - 3__-j 
-_j-~l ,_9 U = U (C0, T) 4_j_.j__: 4_J!_ (jj__j _t J__i>L_- ._,lj-__>JI 
«Jj nit ^ iii -*.!» <1 iii jUll -JljJI uJlA _V IjJ— -J Sj1j_-JI 4_ ».j-j 

,4_j__ J L__iVl 4 i n i»Vl ___a J-—— _, \c ___ Mj __ t-> i"> L$_L- .4_jjj- 4J1- 

jt .jjJI _J) j-^J-u 4___- cruujt t_JI>_- Jj-jJI <**-_! JL^*-----! 

. jj«_JI (^.a tjuj y_J ._5j-_.VL 
Max Planck ^L,>L ___l_a ^U-i ^Ij^-II 0-* ' U_ 

('.'i.i-- (__l jj_a Vl _>»tj Vjt j r< «') Llcj ___! . \ V • j»l_c (__a I gl« '"i _; jJI jjk 
Josef stefan «_l iij" ,„ (__^___»_.» _;jL__a_JI ^^jjj^-JI («JLJI _j__ .l_LI_ J__- 
J_)l<_ _;t - 4_i__JI 4_L_JI _L__' _jt j»l j_.t Sjuu __J_ Ji_i 11jjj->o ( <imi'i^I j_i 

5jIj_>ji i».j_j 4_«jI jji 5j_ji «____L_j - _-b_ j_ji »-j._>j u a__i__i __ai__; 
_? (iili jl_j Ludwig Boltzmann «_Laj_Jjj _j__jJ» <>LJ____,Ij .T 3 511-. 1,1 


JjljSJI _j"J djjJI ,__ 

_*__ 0—*J-! j»Lc _— — >J .4' >; 4 j<j aLLjjj-ajj ___ui ___- I___ <~m *n 

_i <__*j u (go,T) oi 't^l j u^j oUjj^ajji (jUjjj 'W. Wien 

■•3)J--1I <_-=■ Uj£> 

u = co 3 W (co/T) 

_n_ U_>. jJLSj <J 3JI_ <__j .3 -r- ,V,jJI 4 , ..,,11 La 4j|_ W ,\, ^ 
SJjLtil __IJ <d__ji ^jJI __Laj__Jj ^L-jJI <j„ J_jl____I ___j .£>__ 

<j__» iUim ...I 4LJ_ _jl jJL_ JL_jj . c.l__-Vl (j^a Ljl_- _.L_ tf>Ltl Sjj-jJI 

Ul__-Vl cy L„L_ 4_JL_ (jSL- <_I SjJI „ j_> L*_CJ .^^j-it 3 r iV, 4____ 
: ju.__._JI 4_>.j __1_. (__j 

W (co/T) = A exp (-bco/T) 

JJjlJI jjL— W ' - j»L_ iU i.iljl <__j .(j__u_«_a j-±— . _>Lij_ b J A «± .-._->- 

4Jl ,,.U 4__ul jj Lord Rayleigh (William Strutt) (_jjj___ (_Jj) (___jIj 

J_ Sjj___a __L_ ^ill a_j5l ,n--yi K/iKjU _TjLJ J___I J__ 
:<__l jjJI <-i il-w <__!! 4j*j__l (_yj| (j-li-J <__SjJI 

u = k B Tco 2 / 7t 2 c 3 

^_jJ»^l V j___a(_U____J^^ k B _^__ 

j___jl a jl<f _V i__lji!J 4JLv ^-Llj 4-j'i __L_j L. Boltzmann <<(jl_j_Jjj 

4_*j_ ____.? _jIjjj__I ^ jn->. i-.Umij 4__j_U 4_>U_JI 4_l_> jLkj)! k"-J>^-1 

.£j__jJJ (j_ J 4__.i <j_ _^jIj jj_ )<L1_JI 4_L_JI 4___1 Sjjl^j V 

.i j iii II «<__}Li> _aL____l (jrtJjj (_a ^ V * |»L_ j_ij__i (j_ jjL — Jl _-3 
.__>LJ !>Lj_aj (j-jjjj (jLSj ._;L_JI JjL_l 4__wjjj H. Rubens «___)jj» 
(_— j . jj__Vl ^ iii _y_l « i'iVI i rtjUII _jL_Li_ _;j_w| __ aj_>_ ^«JL_ jj*j 


«i_u__UI>>|«_Ull_^IS i _ 


___j .4_-ejL__i -1iJl>.| ___£ 4__JJ_>lj LliL>. -JjjLjj _>_<jijjj (___-__iil eL_-JJI pLjI 

r „ yi -JL___-. ___- __-SjJI .1 j j<n-ll -dijL JLL-! La_l j 4JLJJI *_____ 

__-»LJI ej-*«JI Jl n*» '■ ■ »V 4_Jj! 4i no ,ln ■ i~ mlj < L^L». (___C 1 t\<.C j Oj---Vl 
___)! I JL». 4_JL_JI i__iI_Oj_JI j __Jjlj 4j\_u__ ___)! 4j___i__J,l Cjl-O j-JI _-u 

tj__>JI -i_L_i -__ 4_«_Ij «jj___j i_Jjj<L 4 « j m i_____jlj ._)_- 4__j_i__ 3 ** *~~ 
_JjJ»L) 4 i j inj 4 j 1 jj nr "1 1 1 _,___jjj £_>l_jj _►_• JSi' i"i ilr 1j ) I inj? , U injVI 
._)■_£_ jjjj, I JjA_- 4jjLxi_>LjJI 

i_i__JI ojjL_ _JJj -_«$ .-jjIj-sJI Kj-Luj-I ___ lj__>Ls l_l____! __j>L _)_. 
4__L>_ ____!! (j_jj ,«Jj .--iji^nll 4j_L__>.yi 1_sLj_1_v_II J__aL-__ Jjjij-J Ijj-_ 

_)__ - " « j . -■ * i'i 1 11 j (jl I mij i(__j miII (__.i_U.tl I j i^->jj 4_i___iIL __JjVI 

(__Llj 4 ->■ j Tm 4jIjj __Lc. _,___> j*J 4j| J____JI (j i„ -J jJl-jjj .__JjVl C?_L_ai 
.(j^jiJ ^jm^L-JI jU_VI Ji-I_ 4_-j_l_»_- _____ (^l r 3L___JI _____ 4___.LJI 

JU_L_lj ^ -_^L-_-_,VI 4_3___JI 2Ub _)V IjJ__jj . I . jS.-i j__Ti ljl____- -djjL) j__-_l 

(jj___i _,|jJl_»J| (ji _>_>j___j _)i <___• I j_>. 4_l__ .*L_.jJI (jljJ->- 4 .j i U (__lc 

i(_>-_j|j)j) i_j__j_uj i_sljj_>! JL_C 4ij — - 1*1- — -I <ij 1 ii-w _jl i4_<_j___j __iL j l j~i-. (j_- 

_r--»ljj ' -*• " ■ -ct U*. , „lj .4j___J.I 4_j__j_jjjJI _jIjjj__JI J_> Jj-jju 
U ((0, T) 4_j___J_JI 4JUI J__jj_j (jl .e-J._i.Vl _v- 4_JL>. 3 .....Ul-.: ^ d < 

_)l L.j .03 _J>__jjJI jj>_J E (CO, T) 4 j^j -Lj.aj-^jJ-11 4__L__JI ,U ,,ij"<,j 

j_-e_j (jl 4 jlr (jl__ ,3-_U_JI tfj_jJ 4 0 jl ,„11 5 X_. ...M<N 4 -r j'iill __Lc J_____ 
_>__-j ^L__s?j _-ilj_ .__]_. _j_~ _ , -U i4__J .^yJjlj 4J__j___ __JI J___j__JLj 4_3J__ 

jL-o^ — __ju I o j -1 flj__l — J---T Ljl j"i *-l l___j_a _)-_jL >_*j) J*-_l (— i ,-__-jJI 

• t- ^ a j— i-L (jl 4J-L4J _Jj_jjjJI (jl (j-3j__al JL-J . Lgji) ' ■ *~j _--JI 4_ejjjJI 

,-,j-_ . e = nti co :4_j_j 4i_j! _oj_j 4--j--.n oL__.L__- _)j<-j ___Jl e 4_sLL_Jl 
_v_L--! _-ic ._)Ij_l_-_-J (j_-xu ■j__Vl -^lj (___ .__JL__ j_l__ -rj -r i/> jjl__ ij\ n 


_Sjl9_JI_J!5j_JI__ 

C-jIj .t)(0 -L-jJaUo j»j—J~ 3jj___ (_- itnii '"l (jr-iTalj ____ _1 ._jj o < n I ju_ 

^ i V-....l J- __Mj _,L_ Uj .____. _u- L_> 4__1_ _1U;,„ L. j_ti ^UJI 
4_____JI 4J_>L_J.I i____ 4_.Ls .tl(D jJI jj ___l __« Vjl. f ^jl j__JI __ j__JI 
Japjj L__ 4j»,iVi ...i (^jJI ti ___,_. ojIj _La Ij^j .£ = riti f 3jj___H ,___ 
i^ljj __->1jJI __ t)=h/2jl iJ.LJL -_-}L 4_-jl____J ^jJI llUMj __jI_ __ 

*L)_j__JI (JLc. J_-_ 4___Jj .__jl__JI I j_$J 4jjJ__. 4_*_j__J I im -_J _U>_1 _t 
(__a_l 4 « i ir> . 4_t_i_Jt_J I __j1jj (j_ IjljJL_>> (lj_L«ljL) L_j_ ajl j'. rL 

:_jjj__I _J_ CJU. a_.iV.,„tl jj-jJL __>LJ _____| 

u= Il__1 ! (3.3) 

tt 2 c 3 exp(h(0/k B T)-l 

_l —LijLi _H->'niil 4_-_II 4jL_JLI __LLJI __ ,j___J 4J_L_I «j_* 4_>*lj_u 

__« £\U~I ,1,1 J_>--Vl 4_3j___JJ .kg (jl__j__jjj OJ_jtl __jL_JI __« jl_ JJL_*J 

_ji 4_j1__vl . jj_ j_j -.Ljj-ji jju- j_ _ %_> _J _«u_ 4jj_ii- (jjj_i j_, j>__ 

,__>. Sj-l* j-____JI _____ >,jjj---J?l UU*j (-Ul -_jjj-6-jI 4_____JI j1j____ 
:,___ ___}L C_j_J _jJ__JI <Uj_JIj 

ti =1 .055 x 10" 27 erg - sec = 6.58 x 10" 16 e V-sec (3.4) 
j« ,„11 .(cgs) _j (_>- ___. (.lUill <___>, 4_aU_JI ___>_, 4jL> _j)/l — 3j— jj 
j_j_-_ . L_jL__ Lj_Ti L___j S Ljjj__j _j) (jj-Jj 40 (_;jL_j j_>.IjJI ___(j__JI 
(jl -_=-V ,JU.-,„VI 4__L_ (__j <cJj_) ojD-^yi 5j_-j (j_ eV >jJI 

. JjJaJI X _!j__Jl 4j_j_ ______ ___J i(j_«jJI X 4_LL_I jLu! 4j ___}L. __J_i 

j__j__!1 _U_»iVI o-o o S .-.II j____Vl p .„ ,tl _L___1 ._ _l ,_--_ L__j 
_wjj __tj 4j____l_l L__l__- ___j.jjjL_j.tf j___L _j_JI >Lu the Big Bang 

.Jjl aJ ,1 j_i__JI *^-J J 2.7 _Lp 4 ,^inV ia 


<<«_ U __J|„ ,__j| li^ili^o 



100 10 1 0.1 0.01 


^iJljS L->_,j_i i jj-jS-I jL*wiiVl ___>_4I ^j^SUI £___,¥! i rtjt-> : (3.1) JS-i 

4 j nUtl . rt.7i -) ijj-»--!! 4__ij_1 ______lj Ju___tl __*__.! .y^>ll _T>-»J1 

___ J___,*YI (nm -.It Jj W.tl ___»_ai >» _____! ,tr»,tl '.(COBE yj>S 4_;_>S_I 

■ 4nirt>iilt j±u>3 JaJu» J>_1>_1 .___-.! j____ltj__T = 2.73 K ĕjlj^ i_«.j_ 

-^n ^i « ,~,,y ^gjhiii ^iT-iUj i^jjjjtoJi -_l_ji (3.1) j< niii £__-jj 

I_jj__.I L«__j .4_Jl_»JI 4_ijjSLII 5jl j_»JI 4_>-j_J jJiLUI (J____ ____) _j__,_'l 

,J\ 4_JL_. __i_T __ljJI ,-_ 3jlj_»-l 4_*.j_ _,! Jl^J J^SJl jL*__VI 4___-J (>o 

. I __*. j-U_ J_- 

(jSJ ,4_iU«U ^jLHJI £~ J_3__Lo (JjLtaj (_-l_. -Jj__jj _Jj^L) J___- J_J 

l_^_LJ.I __j|__j . jljjl-». Ju_c (__ >L___ £j__, j__ _)l_> I jj L_ L_____l j <j_j 

__j_t_J| __!| 1 «1 ■ ... jrtJ-i-ul _)L_j ._>_L_Vl Sj_>j_» j_j__ Jljj La 5 /.I VI 

«JjJuaJI JL_cVl (jt (jj>- w 'j i-J-jLj JL___.Ij ._jjJ_-JI 4__u__j Sjjj jjljj ____ 


4_j-r miU —jl ajiii-»»,1l jJ-i lj---- J ^i^J ^ -L> " ' a — " ' ' .1 '"' Oj^Iol -_i 4 i j 1 1 1 j 

£L-__jU 4 j m.'.1Li 4_U-_-tj <Lu!j ooa 4_i_L_JI fj->JI Sj-aU- _,l JL_j .^L__yij 

^jjw iljjk ,_lc .Lya Jls-jj (jl (0 (_c_L-_yi _Jj-_U (j_-4J .4 nj n ---Jt ,___> '.4jI j 

ol <ij i.i-w _it Sjlc _jIj__J LajJL_a _il_ jl .-JJjJ ljL_-»-l £j-i-9lj -ttCO 4__li_ 

. ~r i ii <i ; jjji »j ini £-ul3 I a, I if _$j-_. -^Ui n (j_a i u ■ » i'n _J (j*\ <j 4—j > i". a 

(jc. "jl i r c-il o j ... ->JI «j-. (ji (j-a J. J. Thomson _)j . n aj-_ j" ^"j 

Sjl_l_ SjLjjj jljjj "__»_uJtl 0_Jj__JVI jLu _it L_jt LajU a _,l_j .oLjj___l 
,1 " " «J _J *>*' (j-^Ll (jiJ .4___jJI <_II j-CJu _JJj (___ f.(___ M_9 .^LjL__yi 
(jf VI .£L_l__VI Sj__, «__a L___j| _lj>___ oUjj-__IVI 4__L_ _.? ur* LTlojI 

(jL_ ij>jU a j^jj i_>Li _______ ______! ( ^L___M S.i iii (jS-i l ij" ._iJj j-fi-) JL_ _-»" -^- *-_■ * 

J " i"i (jj^ "<IL (a-L-JjJ L_aJ___ (photOl" (jjjj n II) Ja-)l ...II i.j___tl 4-_jj___ 

L» Uj_j>- (jjj-___JVI j-Lijj .jjj ".-Ciyi <_JJ =nw L-uj_2j -LLaLSDI I ^i"^LU 

(ji" M.ijt «__jJ Ij-^J .4_La 4_jjj_A ,<__ .^rU inll ,_JI 4__jj_. (___ 4___l_> (jja 

L^___>_j .J__L_JI £L_«-__VI Sj__ (_Lc _,aU»ll (jjj___JVI -LaUo , > o ". «'i VI 

(___j ,j__d 5j_j_ai j___ji -ui j <_ii l_ O j-aj_i . E max =ti(o - <i> 4_>l_i 

4JjI___II» «Jl-- .jl_JI jJ__l. (j_a (jjj -<IVI cujj— ^J 4__aj>UI 4____JI 
l-jjI -r "i I L-Ju ._jIj_Ll-i 5 J-jlj _Uj J-Jlj VI \ f m j i"i V"i |cj (i4_u^__5Jj_jSlll 

(.(jjjL-j^» l-jjI _>- («_ . ^ -\ u (_s O.W. Richardson i 1( jj--._.jl .n"jj» 
.(j-jj_-Ij R. A. Millikan «(jl_jL_»j K. T. Compton 

l-jI_jjjIj jj je; 4_2__JI j»j-_>-J _-)" Miijt |->j fl n a J-JJ_- 4-jl l ill (__3 
4j_a_jl Jjl__u \ ^ * 0 ^L. Jjlj 4_aljJ__l j 4jj_j_j Juljj (j-a jJI (_t— *- '_).' '.' ' 
4_i_ajjL_- , l (__ 4jjin «II t j (j"ij jK L-aJ__j .4_ujlj_JI 4_j_>Jlj 4 j _i mitl (j_ 
(>J 0 n o i Jjl»" J I a j iL__j>Lj («_4j— I (j— «J .-»jl m'i tj aj^l — aj JL_ .4 j . njj--JI 
jjj-c j j a "1,1 J-J-ajJI I j-4 JH ^Jl-Sj u'\ u* -« b^^j---' '°-^L_JI j»j_- 


«,_^_^|>>p_J|_jli i _ 


(___jj _l t ,-„\ *oj_->.jJI j>j_>Ji _i 3_J--Jl ; a _* ~< Miiji (__-_ ._L_j.VI 

L-jlj "a p _J j_>_ 4j <i< L$J _j_j Ujlj ______ 4_-.L-3 _L_>- V 4__-.j_-j 

4_i_«_.j 4__U__I 2JUUJI .-'iij --^ti 4 ; .y. j _j_»j| _,___j .p = hco/c = 2t* h/ X 

,4J__JI 4_uJLC __$_ :4jjLc j_j_i jJUj L^JiI ___) _jl ojin-»JI JiLa l<jl*i-ij ._Jj_«_JI 
_•__. (_i_, _Jl_>ij . I fl~"*IU I 1 j " «.j___JI 3 r- j . .. 1 LaSlj J "1* i"i L$iL-> ,«j (j-«J 

__*_> (_9 4 rtU 4j*__»JI l_j*L>.j PhOtOnS «l_i_jjj_9» ,__.l __]_ Jl_j j-jjJI 

<-.-. ,Vi _J_. ^.L-*- 60 ■ ?* * r Lc A. H. Compton _j " ■ «___ 

Sjj-^1 SjU____-mVI J_-L__ L_J_ _j_Jj__J)?Ij 4jm,,i1I 4j_iVl (S_l____l) 

. _jjj_JI _JJ Y ^>»-l <i-* Y +e -> Y + e 

(<ij 1 11 -k ~jl U" 1 11 1 1 iii^j j_a _>j_>-jJ1 j£> (j-a 4-j-jjj -r."<1l g_L_JI >~.S rt"il ___j 

*j__JI _J ^.-11'«" I jla J£ ^ Sj-j-jSJI 4_____JI _i VJ .ujlhSLJ! ^J^Ij^^Jj-Ti? 

(j_-vlj->JI 4J (jj—J (jl L-aji 4j _, i 1 n"ij 1 hK'<>\ i4_l».j_ "j-tkLLi 4iL _3jj-_a __> 

Wave - fu.ii-;. - 4jkj_ 4-jjL-j :jj i<1I 4_l>.1 jjj _"1 j_-J jj» I ju_ _ l_ *>4 joj mi--.II 

._____i;i 4___L>. .4-J. Ijj-Cij (jj jJI _£ j4->- jl__ .particle duality 


_tn<l i"i II J <4_— jl miII »j ■ *— « 1 1 jjL_i__--> _)l |»Jl_-JI j-La L-ajlt a _)L_ 

L*_ J i.»j_i-_Jt_ljJi t j.- l UjU ,4-^j.jhII j1ji1j(j_JI)<_<«iJ1j 

t j___J| j mi ~i ij l-_j}j__U ~j— 3 _-"J)-^ (_— - - .CjljJj— Jl (j_a , Ujl- ^j—JI Jj— L) 
__j_lj jj mi ; a ^>.V t-*i 1 mj jjl cj-aJJ _>£_«jj .4 j tj iU JjLi_j) 4 U . » lj)J mi"iJJ 
_j_jj ._ r Jj___II j.linll __. jJ__JI __j___j , JUjj L-»-' _)ljJ_l .Ujl^- J____J 

_jj_ j_> l__ jj___j» (j_a _-___UI t-L-u.VI spectrum __-J_ _>_; __jjl_JI 
_L__! _J_. (j _ I 1 ;,.inU j_____ _j . jjj_JI ^_ 4JI j_ £___,\yi I j__ 5j__ __. 


(__xl_JI i t * ,j_c.l 3jj___j <M t im^I j_l in «% j .'-'■■ ■■ Jj . nj . ..Vt ^ , „ ->JI 
i4j_l j->-1 1 .'*! __J*~-J 4*if LJI 3_UI 4 t i jU ____ j,> a _;! ,j_>. (*•,« 1 7 H 

3j___ jbjjj.J^Uoyi __1_- ^Jlu _♦ 3_jl_JI _ljll ,L_aj o r ._JJ_ j-_l-_J 

____ I j ~i _>-_«J -Ijil (J---*J u' • S j'j- 5 *-' ^*-J- ~- 3 W)- J t} * 

I ^ Vl«> jl .4_l_Ijj-j_^ 3jIj___j L$jjl_j :_JJ_ Jli-a <_£_-_-! J-L_-jJ ^L__i^l 

. ! J_— -J l4_Jj__ _j| ft j | ll-W (j_fl ^l « mi I 

J->-JJ l_a l_JL_ ___! . 4li/-i "1 a Sjj m i -Jj-lJI _~ ,___j__JI _, i*r ill J - u aJ 
^-__J! -■ j i. 2 ij » _ 4__>l__ —jl-jjj Jj-«- 3 j_*j <"a 3j__JJ 4_s___lj p i **> _JJ j_> 

ljj__JI J-ljl __JI I 6 " 1 'ilj- 4-_ljJj 4 j ii jlnll J_jJ__>J! i__L____1 JJJU . LjjLjj 
4__Jlj__a 4__lj J_jl__- ___> n_9jjJ_JI 1- n«-v < J___ILi j _lnt Laj j mi f j_i_l_JI 
■*•'■ » ■*»' -j*-_- 4_uj_l_JLI JojJ__sJ1 ,J-4J . 4 1 j 1 ~-i a )_j__lj 5 ' ■ — " * JojJoi- 3j)-- 
_H_l___lal __*_l_- 4 tnil frl_j__JI JojJ__-JI J-A-J '4 ij« a 4___l_- __I_JjJ Jl__ 
L_i_ ,___j .3_UI _-_> J_u___l _jl 3 ,UII j_a -_>-*-_ _>-. ___.L_JI _L« _.._VU 

j_,.l 43j3-_ .p___»JI jl SjjJI £jj __}__-Lj (__-_>JI __J_JI 1 *ihVj <___JL>JI 
_, ■ ■■ i ■*" *1 (__jJ_JI _,_ 3jjJ_>- 4j_LjI_ J_j___. 4l 1 nl 111 __l____l 3j_a Jj- (— J 4_l 
juu La_i_ l____i__1j ■ j-Jjlj.jll -JJ- _-*J ""J '_H»J -'l _t-£ l^_3j__a _j .' ' "J (-* 

._>jS*i ____ l_» 

L_jJ_ _J_. 3jj i< 4j>.jJu 1 jn-iia 4jii jlntl <_jl__ljjJLj jSLJLl ^-1 <i~-._l _)_? 

____«__J j^l_ _i_l i j__.L_JI __L____I j 4jjLi_»j_JI _jI_ul_j__! ____ -_j__JI (___ 

■ SjjJI (J_-!_ (j-a > *• 1 « j*i (J__j 4jLj_p (jjSj <jl j ^ aj 4 jn jV-i1I J_jJ__>J! j5 L__j| 

(___ 3j_L__JI 4jjjJI __-!__ .J_-IjJI I ju_ (___ _jjl__j L*j L_L__I jJ l,\ ■ -_ Lj 

4___it_a J_L«_I —jljJjJ jJ-L- 1 iijUII Jaj Ir- jLl (______ j___c «__j_JI (jj_-tl 


3j . „_.UI '» -Jj J^tl ">Jj t*»*tt L__J_>J .Sjjjl J--l_ 4-Uj^_JI 4 *■■»■■*•, 1 1 _jLjjuju 

_)1--J . L__L-__I _)<->* n*J -ijjj _J 4_l jLJ, 'l * a — jl i-r i*i i -^j U*. i n*i .4 j*vj 11 1M--I 
___j (___ 5j j nl.l L^Til Jjjj j«j >i -»■ j-__i Sj_ ,j_ (j! j_t> _1J ju Jojj jJLl -I I* *r VI 

4 j .jj-j- _j>j -y-jLUIj __L_j_JI (^-Jl (jjjJ_uj <__l jl->Vl »1 o l<- ijLij iJl_-Ij 
_jl_jj__JI ij-_L__j jl_>Ij___ _£? _vjj_->- (jLSLo)/Li (jL*> l_l L» ljj_J 4-_j__> 
(j_ 3jL_l_ i_J__-JI ob: ___JI _l -jLpl 4_JL_L-j . JLHI Jj . ■„ __Lc !4_J__iJI 
3j_i_-Vl Sj_L_JI «___ "»*■_»■« £j_> J -' j-i^u (___L_I -Jj-J _jL__Ijj 

_,__<_• 

(jLkjr».)) 4_i j»L_ Ls j_ 4 *i j <i ->j _jJl_1j _;jJI j_J__»JI ____JI _ji __L_ 

,_JI j_T »_>_*_•. _-« _ra_Jl <__ (jl_ ^ jJI Johann Balmer ( 1 825-98) « jiL 

L—scJ j i*i t (j! IjLii 4J Jjj uij («Jj i 4jj i ii jj— - —jLj 4_ijX4 ___ l__j__9 J n « JJ 
5jl <> «Jl __3 <__-> (jL_ _______ Vl 4— al a '. ->l _J jJLjJJ i*Ljj-J-_JI <__ ljL__l J 

_)j£j Luj _rt-vjj Ij _ll Sjj . rtjU (ji ____cl i4ii_ _)jj_-I J__5 L»Sj . Ijj mmI Ij 

^jj* ■ ■■■«.'■i . I __l__ji (jyo cjLLjJI i i <i" i nlj .oL-aL__ _ji _>_ . .11 (jl_L_ J-— — I 
(_jjj,l «j-JI (— _ 4jrijU JojU 4juji ___j_l (jl 4J _^_. (_;jj| A. Angstrom 
.LjLttjAJ 5jj!_« 4_jli X 4j».jJLI L^JIjUi (jjiL-b j»-_j _r}_»jjju0JI 5j_ . njU _►« 

l__>- 4 U i ii 1 1 1 4 j i*->LjJI 4 «j mtl _rt-JJ j-__uJI a j_b (jrU _jjLl_u _J jJ>L £ \ U * i » I 

:3jj__JI _J_, 

2 

= constant x — , m = 3, 4, 5, 6 

m 2 -2 2 

J_J L-U- 1 _"-<- 4J_L»JLl c____i -_oj__J,l (__ jlj_-jJI __j__1I _U_ -ja-jjj 

.. . f j*. nil _! J_u . jJLL ^IU*. Mi I .--JLj 4 j*i^j 4-fljj (___j .4_«jjVl J_.jl__JI 
4 . iii IIL jL * < i a _^_aj (_i_ Jj__«_ _)l i_{j_i.i J->j UV I 4__sl_- _jj__>-i -J-l—j 

. m = 14 __-_- m (cjSJ 3jJ_1_JLI J_>j____j 


SjjJ-C —iljjjl (__lc I 40 j <n"il <jjl1JI JlcIj— (j-o UJ>*-^ ijL_,j_-i 
ijr^J • L^JJ— *_« ij-^ ~" ^ T 1 ^ _j-J i4 <il'V a _il_l jin ,*---J (jdjl_-—« .— jLjj-— JVI 
jij 4jt <_-_J .4l-iL_ L_IjJl_>. <■-.* /ij Jj__ /il (jjj .i. . II _jj_—1 JjIj! 

4j__i_l 3jLj " 1 4__— >JI Cjljjjjjl (jC LgJ_ J <_-" tl i A . ' r^JJ ^ 1 ■ ^ _jc >___Jt 

. W. Ritz j_uj . j _-|j__-l 0— « S^SLiJI <>___■ ir-JiL<r .4_i_-__J_JI _jj__>JI jru 
Ritz combination j-_ujJ j__j__j__il (3j__L_) b __j_-_ ■ inij 

.4— -1 iMl C_jIj ,__"_>. j j i'1,1 (j-_j .jjj— II _j-a Vju j ,".... prinriple 

3jjJ 5 , ,„;IIj 4_j__-LjJI jiL 4 i , ,n (ji J__-.V ,<_- .^jll JjJ_JI M jl__« 
^ :-_u_3 (j^jjjLj^JI 

"5"" = constant x ( ~~2 - 2 )' (3-5) 

. | j_>. 4lr-ji.i_i _JJL>- <j-u Jjj-> 4_u_>JI ___ J-*J 


(j-« JjVl j_5_]I JSIji (__- .Ernest Rutherford ->jj--j-j c-..jjt o-S 

J}L-- I _J 1 C jl n j i n ->■ j^j_a ^j-ijJj j '■ i ii i*i'iLo __9 I '^" ■ ■■ " .(jjj mi «II (jj-2 Jl 

_jL_j .^j-oL-gJI Sjj "lj_ j_ a < <w ... -> ■ <jl O-*-^ 1 (-J! JL J--' -^d}-^ liJ^J 
Jj___l cjI lUr (__a jllii" SU.uill Ot — il «j Mi->- (ji -jjjsjjj j»Ll L_jj__4 
Ll_oi j_fljj 4__J .4-1 j -1 ~- (__3 ,<_4_« j_-i _L) jj .4 ij < « CjljjJ (__cL_-_yi 
.(L^j_-j_) L-bjljct j-j-_J 4i__uj_ oljjJI ■ _j t > i a 'i ~~ ~___. .-. I . . jjl__« 

(ji Jjj_9j_j J-_*-J . j--jT 4_-jj__,l 4-jjjJI — jl_«jJI (j-o Lj__j__« <jL-> L»-_j 

JjA—>- Lkjjj-o j_c lj->- 3jj« iri Lljj J^L». ili~4 Ijt-iAi i-i" mi" OC c il oj i n->. 
__ic Marsden (jj__jl_j Geiger j_*jL>. 4 jLaj __-j .jolij Lgji- *L___ 

j-j-ii Lljj Jj— 4_jL_va i_i Jj-.* 4jjljJI 3j-u£ — jl""i mm JJJ>-J 4jj__>I i- ij (jl 


i" 11 " p-JI i< 


ijjj_ Jj-j» J*_ -JL CjJ_>.j J_3j ._jjJ__hJI SjjL C_jl__> (jlj (_,"-- .90 __-« 

_jji-jjj cjj_4_ . L___j_jo jj_> Lvo Ij-ji- - j__H I q i< lj '3jj— i (j— j («J 3cjVL>JI 

. SjjJI I |J<J--1 Jj J_> ^JJJ JJ (_!! (___j|j) <jj_3jj J*Vl1J (jill-wj .4 mi iTyjJI 

___> <_)Ljjjj__I)?l (jj-j _! . JLtjj (_;jj L*_;_ .__>! j-»-' Mi U £j|j ^ (jL_ j____ 

(jjj__jyi 4___ .5j-_^ Lijjj ,-,-m-i -,ti oVu _jjj_>. .__,__. 

Ij^Jj . 1j-J_. J-u-M a pji.ii >J (_>_jj_L~ _slj_tjl _jI j_wl (j^s L___«u ^/i>-jjJ 
iSj jJI J_-ta (_a j-i-l -___«' 1<_ i i mi (jj— _ (jl ju -* 4jjljJI -jj ol"i mm II (jLa 
(j! ^IU" nilj .5jjJJ 4_j_>.jil 4i- mJI (_ic. (<;j 1 tj jJI ^___>JI _i!_. I (j Ul 
jj.-a-. ^_ [(j^__? (jru] ^jL__JI I j_> Jlo Kinematics Kj~l « ij< __- jj_u 
j-^i (jjSCj _! (__*j __j^jJI i__ (j! (__Jj I-ITmhI "j-ij_ *jjljj ______ I cjLjL- 

^ro. Mi j i\i lj_>. Ij_j___5 —3,1 $11 (<_«->• (jjSo (jl '-'TJ — LJj-? -Ot -Jj_ (jj» 

3 jjL <Lx«jJjiT 3j_! j-jjLjj -jl i ii a _u_, __-j__jj (jl 4__a i_ilj_3_ , l J_C (X pj i n-*J 

10" 12 cr Ilj_- l _>_ lj_j__? jjJ>_ V jJ___l__j__(j!^ljJlj.-_j__K5j___j|j 
«_____. __ic cjL_IjjJI a j_) J£> tlj-^>-l jj»j jjj--j_j ^I'im i M I (____>. j-< o j ~ 1 1 ii 

4_j! ,__ic (_fj_-! CjIjL_cI (jja l_jj__s J_C_> SjjJI (<_«->• ij^J .t__*jJI (j-a Jjjj-j 
- SljJjl yjl - ^jJI 4J>J-II <___! <j_* I j^jJ .j-ajriM, 10" 8 -.-Jj-a-lL ^jL-u 
(__-_ I j - * J_sL__jJI J_ic 4____Lj 4j| °i o i L^i__>_i j_j____JI (jja -__wjj ^-ic i~i'il < 
(___) >i_jj_UI j_)jj__U 4j ir-)Lj 4 «j ir-> Jjjiljjj -f "ii~ii nlj . i~i"i mi"II SjJklJo Jai>— 
(__ic 4-)l_>.y I J o'i«'i . 4__ j___> 4 j<j ,,iM_- Kj -Lj-. j-ljLVi miL i-Ti m."II Ll jj 

4 ;-»■ .» (_-icj . I, t j>- 4_Sjj__jj C_j_J (___J! i4".l~<j (X (Ojj__>JI 4 i-r mi (_nj 4 i i.i ill 

J_Lij -_jjj___JI (jjj (3jIU",1I ^_j«j j__j . I jj-w ___jj_t_« (j__ (*J ___JI Ze "IjjJI 
oL-i jftL-j Lj-Jj . I j-j_v Jii-il (_?j". miU (jl-? . l_-L_ L_-L>_ (__jjj_a__JI (___-— Ul 

4-yjj oi'l ._--) V (jSJ ic-ubjiJ Z 4 n j4 (__3 L1jj__j 2 JjsL»j_j Jju! Jjj_9jjj 

. Ij-L3 (jl^ 


-Sjl9_JI _J!6j_JI,>_ 


*<____ J_" J__- «-<"< Mi'itLa . Ij__ J_" __a <h-».tl _>_ Jij_j__- jjl_. <_JL__ 

L_L_j .3 j^Cj in^LSJI (jjj_u _rulj__ (jjo j__-1 ,*__tl Kjj Kj -a __jlj_- «l^SL -s j <j-»-T 

^^ic j__sljl_JI ^ih «1, 4 i i niHj L_aL*_ 3 V e __L_i__jj (__JJ (jLjjj _r-UJ tVitl 
4_i___itLj _*J . .jj ^~.tl ^ 4_JLc 4_»-jJli Ll____| _jt vl)jL_ej ^oJe) ._JjjJI "■ ■ ■■ 1 1 

<j__ jj_-3j_jJ <___Ll__}__JI _Ld___JI j_i__l j__J .(^jJj-? 3__- JL~_- (___ < - , " . .n'!! 

3jj Jj-sej (j-Lojj . _Jj jJI < M^-i-l (<ijl i ii j____u __tl _J_ij « ~ «~ in"ilt 4 «i jl i ii 4 ij i,-i 
(__ltl Sljitl ___ 4j_wjJtl 4__t__JI J_"j_>j__ __J_- i3 j. . l < i- , y 4_vj_j_t_u 4j_ii -JJ-ij-J 
__I_JJ__JVI J-L-U . _U>3j L^_? 3j jjl 4___ _____ _Jj__SJJ ljL_w ^lhin !_<_->■ J--jij 

±L» 4jj jJI _ljJVI __L_ 3lj_JI ______ _____L_jj .SljJJI Jj__ __ljlj_- (> 

.,*__ 10~ 12 _jj__ __a ^ U' L__ 4_a____JI (___ _"^j« __j_? _)_j ,jl i"f VI 


3j____tl __L__JI (_--_-i -_-_V L$j? VI <jjj_ijjj 3j_J j__j1_J,I ►Ij_-VI (<_c.jj 
o j_- £__-j_J . \ 4~ n i i ii __ltl 4__jjJI _.L___JI _)___. _->ljJI (_-- L$i\—j, < Ijl_>- 
(j-a __^jU ' J . N 3j_ Sljj (jjS-u . JL____~ __-?__■ j fl t l 3j_ -JL>- ___) __>____Jll 
. L$Jj_v JJJy -'."-J (jjj_-Jlj SljjJI 4 i ir i"i JjLujj i Jj~-J OJMJJJJ 
<3lj_JI Jj_>- -Jj-a--J J_» ULIo (Sl-r r ) _jL___ 4JL__ (__> <jjj___JVI _v->-jj 
-jjJiUJ ________ .3lj_il 4_ f _-jJj__II 3j__JL jlj -'■ ■■■'; I jSL-L- _,j__j 4jJ __j_>- 

______ j____u (ji 4_jic <_,'._ (jjj___JVI _)i 4__-l_L__ J-bLy-i l_j___l_i _)5 4__j_J 

(j£_4J iVv I if .(_<__>. I 3j_a _dJj __IJ Jjju i__j__j .i.i < <i 1 1 Iju^J 3j n"i i ii a 3jj___j 
_Untl JfC-_u j_>-_j <_jljlj_ll_- i<4_jjl_J.I Kj_-LijjJI -■" i" i ii j _)i 4jj_$___j »j olt 

_>____i ____> Jj__ 4_s_>_-Jlj .4__j 4___L__ 4JL>- SjjIjJI (jj_oj ellipse _,___L_JI 


(jL_ 5 ...MCll |<j aLjj.Jj I n jUj ._>ajJI (^S ^JJJJ 4_j_v ^.'^ 11 .' U»-* 

. 4j_)ljJtl 4_>j_>JI _JJj JJJJ u'iiiij ^uj <_flj__ 4jjjj 4_>j_w 4jL- ___) l_a 4 i — ■ i"i 

4_uLj_ oljj <kj4Ji _<;l 4JL». __!_ Lal .jljdl CjjLaLta ____ jjj_ll jl^>__jj 

_H»J . jljj.1 L_ijLaL«J, J . <Vi a _<;j_a Jj>.J *JJLK-^W _4>-y 4_L_ (aUjj^y i njj_?La) 
. L_jj_i _ij_ J_-_S 4_jj_a _j1j1j_a l_Ujjj_J)M <__3_Zi _>l Ij^C jmj_? fj^-ll jj£. 
(^l J_2- (___ Joj__iJI (j_a S_jL-_a 4__ _,i (_3 i_.ji.itl uilljjl u i>-»«'i m.j I j__Jj 

_____ ______ (jJLpSjyi 6? 4__j_i_- _uL>_ L__Uj _ . JL>- 5j| . j_»L__ 

jl 1 11 a (__fl i_lj — ■ "j 4_t __, i«j lj__j . jL—ii «^ i"i_i 4jV l_L1 jj . 5j a "1 1 11 a Sjj__aj 
£>_-! 4__J _______ jj^J-JI __L_j .Slj-JL 4jL___JI ___■ f J____j (jl <__!! (_-Jjj-U. 

.<_JJj_. _JJj (j_i I jjj .(jL____a) Ij <i ". . n a L__J_> jjlij 4jLa («_ _j_aj .■y_-_tj 

IjU. .4jj_ Sj_a ^5j__U_a I <jl«-»-j li>jJ' Laj Sjl _jnj CjljjJI «__jl_}Ti>) V IjLaJ- 
S____ 4 i j « a (_jl_Oj__> »___ 

^jj___; ^j^jt Niels Bohr «jjjjljj» l_.L_JI (__.j_v.IjJI l_JU_JI *L». 

_Jj jjl 4__>-jj__ 4j qVS _5_JI J. J. ThomSOn _jj .„ ajj- .£ .£ j_a Ja .«jj 
.1 ?iUI1lj <_j_Vl (_,<," iat («ju .4j lj__U jjj _)L_ .(jj-^-Jji' •»J--* J - U» J-" o->L-*JI 
i_JLi_j .jjj-Sjjj *-~ (_L___J j______-l_a __J1 ^ H ^Lc (___ (_L_jj| . JL-Lj 4___j 

(jjji-T L__vj__l J_9 _j_; jjj LjJJ JLe ___l Jj-I (j__»j .4 ojU«l l 4jj__3 4j _Jjj_J_ 
■ (Ojlinll (JjjJ-JI <_-Jj 4jnitl 4jjUrti _;j__>1 _£jJI «J_wj 4J_Jj .«_>__£. (__. 
ijjSLj ,jl (__*J 5j jJI (jl j M.r j>_i__JI (jj-5JI j_i-l jl ___ j-Ltll jj in"II (j_? 
«_j ^ T i Ll.1 y& 5jj J_ jlj <0 <j ,.1^-CJI jlJ___VI ^ 3jl,Jl__ JoUil L-.J 
5j£_s li_-j_l_I (__IL_I (jj- 5 -'! (>* tP-J^" __ljj__JI JjJj_j (j_- .Sj____U L^jIjjjj 

LjjIjjjj J_-l VJ <LLjj_a 4J_j>J 4jI __a «^jij V La Sjj (jLi IjljJ ■-»- __l__D SJjJlj 
jjl (.j inl (jj^ "-jljjJI (>» 5j jj< 4ij«1 J_i 4 jnjUtl JojU-^kJI jlj »5j j.all 


-Sjis-i SjiJi 


Ijuk jjj J-LC. JLal .4 ij«o 4___>J 4j| ,___! 4Sl"iVa L_j_i. _*__ 4__>J.I — IjjJI 
4_SjjJaj Ji-jLi jjl L-o-J iilj>L. {»_? <jL JjLSJI !j\ jJI _l__-j J_c __>" -jj ■ ^-■ti 
(<J 4 X I .(^j-oUI 3-A t" inl (jja L___lj _Jj JJl-lj Lcjj . 4jjjJI 4___>_SJI (___) l_a 

jjU_JI I fl nk« o (__a *Lj_i__JI __ij___jl _d!j j_a_« .4Jj_>. ___ l__t___lj _j__j 
-djjL LaIjlj (__lll -_j__»_.I («SLII _ljj_ -_->__». ___J1 .4_> _ .»« ...j u <j mMSJI 

(ja_-j (jt __, « jij _--4— II £-J_JI (j! -I n " i r I jj_i (j__I . _jjj__i.T 4___j (_jr_> ~ m i i i jj 
4jjI__-! 3jjJ 4 j in iJLj 4l__3 l_a ____>j _j— 9Jj . 3jjJI jlj S~ ml (O-0__! Ljj_Aj>_>. 

:4_Jl_JI Cj|ji_-_JI ,__i (jjj-J?! 

jl j — o . < ... -vlj '. j-ivj (jl I — «L«_ (jjjj___JVI ___ j_— — j .sJLi ijJjL ( 1 ) 
4jj3j_JI j»jJ>-' S>a (jV IjJijj) .4__j___ 4_jSL^!>__4 _>-__! (__ic (jjj___J)/l 

--IjIjJI .*,__£ JS U_-_ __j__ ___l _,„,, Atl Jj__- c_-_lj£JI 4__j__ 
5t j j ...t 4jjJjL i>j_4 l__JL_>. ____> l__ j _■ "■ » '■ .jj-J I s i U , I ; ;< l 3 _■ ~.I_,Ia I 

(j_lljj La j— j) Ze 4"i'm- ."i (__,Uni pj iii -»•< SljjJI _>_a (J_al -"ILij . i_jL___>JI 

3 jjjl! 5 jj katt _____ -j_L_>__J| Sj__ jjjSo .( JS_» 3j jJI j-l_s - (^J— jJal jJI 
s>_l ^ s jJ-UI ju^JI 4_L_j . F (r) = - Ze 2 / r2 ____. c>j_j__)M J_ 
((>IjJI __lj) _j_-j p . .«^ -_■_._}. V (r) = - Ze 2 / r (__* 4_^jL__JI 

llPi^ U_j'j^ -V ' a = V -^ r Lr* L-J-'- 5 j'— ' tr^ V ^J-^ 

(i) mv 2 = Ze 2 /r 

:___> .Ji^Jlj 4_>j_>JI (___-l_ jj-ja^-.a i(4jjj_i i n ill j_i.) 4_»LL_JI 

(ii) E = mv 2 /2 + V(r)= - Ze 2 /2r 

:(___> 4jjljJI 4__j__JI 

(iii) co = v /r. 


«_aj_-JI» pSJI ly.lSjn 

<__Sj_«j 4 J, * i a <i j n *? (_-->J .L _Sj|jJI -J j t"I I 4j__£ _L"_ju Licj . I j , [ 

«___. > U I^ua j^SLj 3JU. ^ . L = mr x v JL-^UJL, , r 

__1_. (_s_j__«JI i>L>J VI L jj__" («5 . I o g i^i-.i (__ic (jj__«L«_u 4_j__j|j 
: Ujl j_U (jjSL» . 4_j__JI 

(iv) L = m r v 
.E .v .r 3 ..n.^JI ol jj«**U u_u «>Lci 4_*_-_>_»J.I "_uj_M __VjLai ___j_ 

Jj_uJ ._^j_i»Vl ol ja^ll S-jjuj 1 * .< gj _-l j^<ll o-Ub _,_. Ljl l:,U Ijj .L j CO 

: jl _>_ Ji*_JI 4Jj<3__j (j__u . L^_JV_u _?j-- VI ^jL_l»SJI ^ J: .y L 
Zme 2 L l 3 2L 2 

-jl j__ l-a J L j_i.L_ «-JoJL (jSUj 5 j<j . ..M-JI jJ__J| ^ 

.4jL$j V Uj j__ua (jru 3j_u__« 3jj__j 
_>- c OiS^J-* .*<_____! _>__-! jjjL_JI __ic _ij-J-»_ -_j_- 3j____J| tf j_. ^__ (2) 
J_j__JI» j_<____ jjj a\a «"nirl i_?jJI j j . n n" 1 1 JojU-- (j_i . U *■ - ___|j , U-^ 

L ,jl .^Laia (jjj 6 .! _>_. Ij_-_. .jjj _>_.j-_-t .<d_oi ^jJI ^jjUI ((cj ___j| 

:(<ij_JI _>- S_J__>j 4_.j ____ j___l (j| «_J_G-_j 

L = nn (3.6) 
n = 1 , 2, 3, .... oo 4j_>.jil 3-jt m)l j|j_ VI _;__« (__ n j<u_ --jlj__ .'•■j-. 
._VI j_Jjj Mju.i_->.jxj 3U_~i --j^ . ^ ll jjjJL 4v»j_«jJ.I ijjjljJI oljljil <j__jj 

4x. j__Jlj .4x, j-_Jlj . jJa_JI i-jLla-' _)J_j _)! .n 4jj jJI _j j j| j__J 5 , ...^ L 


:<_u>. .JHL SL__ 1 4_L_JI j .4jjIjVJI 



_Sj, s _JI_JjS J -_l_K' 


.Bohr radius jjj >___ . n ,^'> j_> 4jL_Jtl a±jt __a u> j H Jj_i_JI 

s " " ~ " t. 2 

.,_-,10" 0 = jL>l JfA ,-„., v,l.\ i -- t( .jj -, ,„ -.-,10.53 _;jI_-jj .aB _;1 

me " 

<■•,.-- Ry j-»jJL Ls-JJ jLIjj .Rydberg --j-ujyjJI ___. a ■ .un ajjLLJij 
._Jj__jj__JJ 13.6= lRy :L_j__.Ry =-2^r-=e2/2aB 
1 e 2 ^ 

fine 3 s . ^jJI 3 ,; .11 ___l_ ,.„ , La ,__> — = --— = ot l> , --1 

" • • " 37 "hc 

(___JI jj__JI» L_JL__ u « n ^j -r 1^,11 _j__JIj , structure constant 

.principal quantum number «^.nnjJl 
(_«£JI 4Joj_j< (jisjjsj <_A" ojj-^jyi 0' 4 " j " ** • jiH (jL-*i o' (3) 

_1 _> [SjLiJI _J__ (__] _ _ I JL-1 ,4---j o ,„11 4jj_ljJI l-IjIjlU JL.J -,J 
(j-a J---T _J) j-i2j (j^ (jJLH^y "J»^" ■ I «■>*'«* ____ij . La J_c . *• , t , i j <_L___yi 
_.L_ I j_k «_jJL_*_> LaJuC . En' J_l 4____ _;_ jljL_a _J1 E^ 4_-L_> _;_ jlj-_ 

:*i_L_JI ____ "LLaL. __Ljjj_ J___ (_Lc .*-.«,;_> OJy <>_.jj_ LcL_il 
ti(0 y = En-En' (3.8) 

cr^ j-^-Sj Ui.)-^)" JJ--L '-^ ^J-^-* e - , (- J> J (ji _j-»IjJI _>-- 

_JI ._L_i)ll __.! „■.-«■ 3j_*L_ l____l _JL__ _1 U_ ._L__VI _jL_jjI IJor 
I j J__ l <„ll (jjjj—JI _| <-w o i _J SjjJI _j U ~i i „", .*',j ■- .__! i ,tVI 3j_bL_ l_uI_>. 
._Jcl 4_U_ _:j-i i „ o _JI JJal "i_U_ _rj-..iio (j~ _Jcl _JJ j___JL ^jl.„ll __j_JI 

_rtj 4-_L__ll jjj* _-lj_a_" LoL_ "Lj-K __aL_JI _jjj_J! 4_)l_> _j_j _l 4__jj__, 

.(jjj__J*2*l (_— >j'i i ii a 

l_VL-JI» LJL _____ ("L-LHI oljljJLI) 4_j_*JJ 3__j, ,„U jjj __-__». 
_JI Oij^J)" cJj S J >S''"-' (jjj j»j-- >i L_J_) L*j? JL!_t-! .«5 j 7T„M 

j__u (jl _jU-.,„- V U.L«, (n=l) «4j__,jVl 4JLJI» Ll ._-j-U3jn-|,„„4JL- 
__a .^LltJI JJ_*_JI 4^lj_a ,__ Sj_______ LLj_»_w l_j_L_ IjJj ._,!>U_)*1 _Jc 


4j jjajjl 1 jl _>_! yJJ j_-_iJI ,>a 4JLJI _L_ ^ UJLH^! <j£-t_y _t <_,«mU'I 
5jrt~.ii a j-ii. jjl— u (ll > 1) Sj_U _|VL>J1 J_J .-_!__»_„ 4_>LL_ J_— J UJJJ- 

3j>».jll c-jljjJI _.La 3^|___)<l L^__J,I _tjLJ. Uj_j .<_____! Jl__l »_»_ 

(___> <_J__M (_-_> (jjSu _3j__ 4 i^irt V!a 3jlj_». ^J-i --^- La SjLa __a 4_j_ ,___ 

J_j___ __j__ 5 „j„;ri Jl« (jLa I ju<J (~i_....l ...Vl) "u__>j_M 4JLJI 

Sjlj-». oLs-jJ JLuCj .4_uj_i— > li jLl ±jV1 _>j-_». (jj_— LoJjj _,_!_— __al 
J-u-J 4— .j i~ ~ 3jL_a _)V1_>. —iljjJI (j-« 3j_9j Jl>jj <__j_u i_9_ jJl3j 4-JLc 

. J_>? 4_L_> w_Lj'ini« __IJ j__ _.! _iLjj--J_M j>— i LJ_) __L*jjl J_jUV Lg-c 
n' __JJ n ,j_a j rt 511 4 jl t r ___- COy <••« ■ ;U _,j_ij_JI jj j-J 6? J— --^ 

(jSJ .(4jj_M) 4_l_ j_II jl (f_M) 4aL_>_M 4-jjljJtl 4_:j_>JI (>a ^t JJj- ^jL-u 

.n'= n - 1 __!! n (>» <3j_>.jJ! jIjl-Uj l_$J- j___3J1 ,__JI ilLJI j .-.H 

: j_ jjjj-JI jjjj (jj-j j_jL_c 

Z 2 me4 r 1 1 , Z 2 me 4 2n-l 

V"_T toTTT? -^)=l^ n -^ 

^LSJLIj 2n (j-a (__jl_JI _LaL J.1 iUiiiI i_jj_i_b 4_*j_J1 4_JLc n _|J— i LajLic 

_o j_ _! (jjj _^> (3.7) cjV_L__U i-JL_JI 4j_L_U (^JI £j->jJL . n4 
(___j__JI jl <__1_>_M jIj-U _L_ -Ij-_- <_;jljJ.I j_j_-JI Ljjj_2j _jl— -j (jjjj__JI 

j«-l__II JL_C (j_LJjl in"l a i I _l i i n'l njLj-O _rtJjljJ.1 (jJJ_J--JI _)V Lj-gjl jft^J ^La) 

Ij-jju» jjj <>___? U VL__a tju-j «j.(n L ,... J \JI __«_JI jjuJJ 5j i ,<tl 
jjj tfj a 'i ". ...I ijjJI tj__ai j-tj .correspondence principle « j hl r.tl 
_u____ , h . . .. . ■■ ■ j .(^SJI) ^ljSJI JLcjI ^ ,a_J 5LJ_ oj^J u_u->-ij 
-jIjIjULI (_jj - 5'. Ujuc ,__-JI _jj__-J! (___ ajL t,> . U ljL_A 5j , !___>. 
_Jj I ,i,1l L_3__lj_a (_*_! _JjJ__JI (jj_Lj SjJiLUI L_^L_9__ __a -_>.j 0 , „1,1 

.J___U _,<i,„>_JI 


uSjl 9 SJI to JISjiJI,>» 


j__jb Sjj___j 4 jU «II -uLuJI ,j-Ijj UJLH^V *b--»-l <>jjj jjj 4jjJ__ _)J 
«JjjJ _>__-l Jl_j . JUSJIj <-L_JI <j_> (»ljj La 4jl__ ____ _>£_. -J _,lj ,__|L-__.>U 

3ljj Jj_- Jj-U 4jf _)Jj__JVI -_« L_LaL_j JuD .4jjd<ii,t _-l -rj >■<,-> '<1I JL—-f 

_>_- j--j-« Jj_». o^j^i oi^iyij SljJJI _>~ >L_ 0 1 4 n j-^1 Ij.4JLA_ 
___t m _>jj___VI «---> Jl.l ■'< ,nb 4-al iii n jl i'rV1 ^yi I juk j-i-jj ._Jj____« 

rduced mass m/ (1 + m / «4jj___>JI 4'-<lb» 4__jL_J1 ___'_L_l.1 j-h*-*- 

4_i initl) l__* j_H_-_ ~-jt ir-'ll .(jjj__-lVI 4__- m j 3lj_JI S±& M .-.j^. . M) 

<(*jj>- ___Jf ___ J____. Ij__.Ij 1*j_>- bjjii m;jI mi'i (j^jjjLi^JI SJL- ___ m/M 

| j^J 4__,| .,!->■ (jj£i _)V _,rt<~ 4_>-jjJ 4_ljJI 4_JL_. j-j-j- 4j njUII _J>L__JI (jSJ 

J_. fr . tl -» J-- . -.".tt 

jL_»_>yi jul-i ^j_*±a 3jj--__i ((«SUI) ,«_jlj__JI 4j_J__J _>_L*_>JI J.'< ,';,l 

<__j_C . LaJ__ <*■.-■ ill _jU--i J-J--u>i __J] OJj-_aLj__ _---_i — _J_- <JJJ 4___L>- _jjjl 
4jjjI_JI j_j__ L-IjIjII j-a J~l t"ij1 jj_J ___~l __j_J_JI (Oj o .1 _)__aVLi _)L- 

4_jjj ^llj 5 _, ... _,U-,:t l cVL>il __lj_j_t_ -_-j ._,jj___)/l __,__=_! SjjJ 

CjljjJ i _■ S «*, 1 1 4 tjb __jjoL<j__JI j_«j .4jjj__j_JI j— ■ -"tl j_«j <4_i_-jL>JI 

I j ■ ...*,*■ jjjJ _— «_J1 J — > j_J_JI — _l___«__j ____j_3 JL-J S1 j___j -'"■t.jj -.Ct*yi A 1 t, lf 
I oj "l (j_/j «1« j»J__J J-~J JjjjJaJI <-.-f-|'^ L*_i <(__h_iL~__ VI (jjs JJLC ___- lj"v i a 
jJj__j__j__ u jjjjjl _>__«- <J— Jtl Jj i ni ___- ._ijj___J)"1 4jjL_-I Sjjj Ji It "n 

SjjJI ___. 4 j r ljU)fl -jIjIjJI 4JL_>. 4__>JL-_- (j__ Arnold Sommerfeld 
<n 2 j n ^ (_nj_»_? (jj-J-c- _-JJ j_-<u << ij «i t'H J— >• _-j_- <_)jj___JV1 4jjL>-f 
I " -j - - r - - <_r- jl-j----- b j a j_i___Vlj j-<-JVl _>jjj->J.1 (-_____ -^ji 
_-bj)'i ni. <-,jUr i <4jjl_ 4_i_-b _hs . b/a = n^ (n^ + n^) 4^M_Jb _r_ __■_■ . .. . T 1 
. n = n^ + n 2 jb___l ^.ijpijJI <_jIjIjl_JJ jjj __VjI__> (-1,» V<,,ib 4__Ll_JI 
4_f (__;. <u ,4_LL_JI --Ljj'. <«l. degeneracy -"jL—jl -_>JL_ll „j__ (j_______j 


<<_cy__JI>> pSJI IWiISjo 


jujulII j-%jj (iaLial! ,<_ (jj»j) n u • imjJI __— >JI jjuD 3 ij n 2 ^ ^\ 5 ...,;\\ , 

--j-___l JiJulII r_jT~* JijJ- Ju>-JJ La J-LL 4_J_>JI 5 JT^J 1 i—ljljjl __« 

4_u_i 3j_ J}___j_M lj_* Ji_a JjL_i --j-_ .n^ j n^ <j_ -»■ j-- i^ _,j_jl_ ,_tl n 

.«i_ nJ L-»JU __4_JI _)Li— Jl UJ^JJ-J^' S jj (-J! A>*j LsJ_c 
_>_Jj »>t <<-■" a _j_jj__JVI 3juJ__ L_ljjJI 4_vJI__a __3 V 3"i II __L (J 
I 0(j fl (j-L-- 1 ! i_ulj -r 1 1 <-> I _)Li)jj>Jlj CjljjJJ 3jJl>J! 4_i_1<_JI i— j1jj"i i ii a p j fl " 
^.lc. d | p" i", n i_jjL>u JjjjJ- (j— . _»— — >Jlo j_jj_j Int- J__ . a, Ij 3«" <L»j_ <_ul_ 

<■"."■ mi*i _.j_j 4 i>niVUI _jl_L_JI jl__j ."LijjjjjSJI 4___l SJa-Jjj _iljjJI <__j_ 

4__L_JI _h__i 4J _j_u _Jj ~i<l)/l (jl l£' '.Ja-U3 _)jjl _j_JI ,jja -jLjjj "i<1VI 

i « _>_ J_jj_ ^JIJI __L___JI j__ L-l .3 /,l g ,11 4__L_Jlj 4_j_I jl_jVI 
<4Jj___a 4_L_j _J j--__ _j_jj__)n _L_ <_9j^JI «jjJI ±±aj (jAj_s threshold 

l-4_IL_- SjjJI j-J_«J La___ 4 j in"<l.l 4_L_JI Jjji- _><"■ 4_L_JI J___ _>_j-*jj 
I j A J__J (^lJI ^_L___I Jjl i.,1 jJ_Lia 4j| __Lc I j__ j j i n <i" (j_-9J .4 jl--ljjl 

j_aj .(_,!_! (__*_ _;j"i<ii « __II oj jV*i |»__j __!J 4_U_ J__L_JI _jj___jyi 
j___ Loj__ -_l____I jjj— JLj _j"j--> — iL«_ul <_t_-^_u j j 1,1 ii"ll I j__ jl__ 
.^|j_jVI *Ij__„ __!l !___. ^jjJI j_L___Il 

___ «SjuJo.)i <t£ 4jji_j j_tl (JjjJ-ll _-_. 4_J_JI ^^-uLsJI 3jJ_iJI _Jl_ 

jIjl_I cL_i Louis de Broglie (jjjj., __jjJ (j-l-VI) L_jLi_;l ^l _L_ 
JJu <J__I _>l j SjUJJ _jS_ _l j^-j ___ : mr r Lc (> [oIjj-TjJJ] 4_L_j 
(_y_jL__v _____>! __« LciLaj _ijl>- La jlj—. (__— • 4_o.j>3 (j_uL__>- <(jjj__J_H 
o^Li__JI <'<«_ inl <__>JI jJ-Sjj . 3j iii jUL_j_9jj^_JI _iL>-j-4iJ 3j o jin-w 


< _5 J l 9 _Jl l _J|5j_JI_ > » 


,-,r.j-j *\ I ^j^j .{jr. r..;& I ^ . Ua . _ ,„ i -_ j_j-»J (^3 «(jr^JI y 4_JL__!I 

ji-.fl o^lj -P = 2 7.ri / X aij^C 3 j Q< X ^jil 4_!j__ _L____>? Ijj-UI 

P 4_>j__-_ 4_l___ jl__L. ujS^JJ <4jj-I--JI jjj -jIjIjl. JLa-l <___■ _-j->_-_« Ujj-_-l 
l<JL_-. _jL_. IjLa .^jjljJI j|j__JJ 4^j___Jl oj15 jA 4 ,<i „._4£JI 4_l__.L-!I <j_> 
_>_> JJl_l) 4_L_ '<-JjJJ (jJJ JL_fl I j___k <(jjj___J_vU 4_i_>.l ■r-» a 4_».jJt La JJ-«--J 

Ji__ <_».jil JjJoJIj _4j-_-_-II «LajL-JI o--j oi o-*h-<" _>i J>*-*il 

jjl5JI _>o__Li jJlij.) .__Ujf> L_Uj _._. lilj .,jjjj_iJlj _jjj___jyi (j_« J_J 3___u_t___> 

S^jJLI Jj__l L_Ujd ^ljJI jl-UI 4__*}L-« j_ L_.jiI.JLI (jl 4-_Jj n «11 _,_ 
lj-4. _£_! .(>>-jil Jj-aiJ n 4 -■ j-r l_)L___. ______ -__4_pJLI <jj_o (j? .IjyJUsoj 

pr _£] . pr = n h 4_,M_JI __JJ ^ _y,j ;27t;r = n X, = 27th / p ___}__! __J1 

_j-_J .L _£jlj_U _,jljJI l_!j_-*__JI 4_j__>_. ,_-__ <jj__ 4-jjjIjJI 4_-j__JI 4J___ ___> 

I j_* L_tjjj .L = nh jj_jJ __«_JI __j__JI __L__-I j_i_jVI _y» 31 ,„l,„ll 

tfljjj__JI 4JL_uj _yic 4__i)ljiL> lt-^JI _SjJI _t_"iMiijt _£-- IjJJ* LcLj—jl J_W«JI 

^J -»_-.! cr-JI 


_a_s 



ijjJ-u j>LJt L-a j_C Jj)Vl J„n ntl (j «i irti 

,5 'ijU _>->j--JI 4-Cj___ C_jl__J ,-__jJl_>JI ^«__II 

_>Sjj «-il- JjVl J.^i nlt 3 i ,„;tL) ,U~ 3 _>-jJ 

JjJ-*-jj .i_Jli_. 3_jLJI _jIjl_-}LI 5 in.ItLi L__»j! 
<__JI K.iKj o oL__-L__J c_jL_: 1 ^YA ,-L__ 

5 j * >; 4_a Jjf j___. j__jj . ^ Y1 ^Lc <___■ 

(JJJJ (j__CLo J-_-»J ,3 j j m"l 3 ^H-aJ J-^JJJ---J 
<>JjJ_J J-->lj (^jJI (j-jLjj J lill j_ j ____l_JI _jLIjli 

4__ U j__' ____i ___ L-oj-c. «jK-ai -_&_>. j , L_aj__ 

(jl_> 4_-j_l_)l Lo ,j__J i( _fj_s-.T CjLcj <X»1 r.nl nil 

. (cJL-JJ L_ij___, ,___ 3jjj 4jl__u ______ui 0 i ^ ^ 


3 LS-i_-L_jjJI J>_>. j/_»l J- -» L> J^; l_-_j__ 



_>->j t * 1 ,,'l j j__4j__j l__lj ,*J_1 _£_ _£_L) 



-_Ljlj< tl (jj» AjCj- --O I J<J , ,.jL- J-»lt*IJ *.jl_- 


__}^_l 


La _)L__« <___ 4J__«J J£ J-a-j-J- L«l .Cj^Lajsj ."'I y.->- : 4j_L^LjjjJI 

4_j_L^_Lj_JI 4 i^illj .<■! i^» A1I __3 jlLa J£ <___ J->-j-J-- JL>JI Lalj .(jr__«_-> 

_jl >jl1cI ._>->j c--- >--•---•<-> j-jLsjJLs ._>~jJI •-« _)Ijj___j tr* I " ajKI 

(J^j-Sj _, ' ■ 1 ■ ■ ■■ — -1 L_— 3j___ 4— -_j l « 4Ljj_j__— J V 4_ji— — L) _iI_lj_— > _ ajUla 
La J_~ ljyj_>_j - 4j__>J _;f <___ 3 -jU •,tl ^jl^J 4 j*vj «LujJI ill_>JI .4_ljkjL_- 
£-__jJ.I _, q -r 1 a 4 U i nlj-i LaLa_ _ i -r Ti — 4 U-rlll l_Uj __9 I jir 4JL_j__jj _>__SJ 
■ < tj -»"■ 1 1 4_l»£ J!_a lL £J__,| »1iLli_> I 4 i 1 nilLjj .l-iI njm-JI _J«-»J i—Jj -r "i 1 1 4jo^j 
l-$jp- ■ I j< it>j t4j.jt-.iU 4_-L__j .__-. 4-ajUi<-,U jl 3_j__il L-il oj . .i -r\\ (jJjljJI 
4_ij ; _l 4JL-JI X I -»- Vt I j-^Jj ._Jj_---JI 4 j <i<j >»-__• jJ.1 _gj j «"i « 4j^?_j __j_-J 
4_-e__a J_J l_iL_>j_« L-i^Ljj >u__j_a 4 -r" « JSJ 4jj_ujl_i L_iL_)j_a __iA_ 4__m_iIjj 
(-Ljj_v) 4__>U_ l_iLvj- 6 N jl .Ijj.la 6 N ^j-»->J.I QjSL_- .l_Ij->J 4_i_«-_. 

_)jjL_j ^-»'1 (-i-jJI j ji'll Lal . I^jlt- _U__j U_" degrees of freedom 

(jS-CJ 4_jl__ 4___-J 4j? ____ 4_ajl t * 4JL>Jl l__L_ l-l 4_L _,!■-» nj _;jJI (juj-jj 

._;j_-Vl 4_lL«jJI L_)l___ti!l «-j---> ___ 3j-j--j 4_bj__j Lajujl-hj 

_w«jJl __- "j j »" " 4JI_> p . ^>"> 4____ LpLl lj< j . ..M< l__>_'L-»J,I 4_ajJ_L_a l-_»j_-j 
__)j^_JI JLsJI t _ -*-" * 4___II a j i» 4j_Lal (jjaj . _)!< tl j "~ 4____La (jj-LJ j_->l jl 

j-sjJI __a 4Jlj_i _nJL_>J.I j_)j_>_ jj* Luk (_-_-_aLijjJI __>j_^JIj ._, ... j UL-Ulj 

JSJ _)-«jJI __- 4JIjl_ -___jll -jI <j t- "i a -I — scj^ j jlnitl jjk I jj_ . T _-j- J-J 

3 jJiLLa 4lL_-La 3 /. I *_ _____ _,p5 .JL>JI SJL-J 4j___JL) (*L___II) _)l_J.I 

Ju-a .4jjj_>. 4j liX>Lflj L_)- , _Lt_« JL>JI l-)I j<j fl-L)J (<^-->--»-JJ .4_1>_I_JI l_iL>.jjJ 

JL_>__*iJ 4 , ...ilLjj .3 j ,„ jUl;; ojj-4-JI 4JL_- ,___ Jjj___._Lo ^jV_L___ 

L^IjL-u (jl (jSl«J __UI 4_Jl_>J,l L_)Lajj__J,l jj_a _Tj_-? ^ljjlj u < jUL_-ojj-j-JI 
l_)VL>JLI aU.iiljj 4___>J __fl LaL«- -__*__ 4-aj__HI 4j__ _jL_ .lj-J-_? *j-LI 


__L___ _____ .£jl_>jJ.I j-jj-ia __a JIjj Urt>l" Kj . L_J _-JjVI 4oi«jJI cjL2____Uj 

cjVL>J.I 4j___,ljj _______ «JL-J.I ^yi^l 4_jJ_JI 4__U_JI Ji_a ,3 * _ . _o--i 

3 il.M n-.ll cj-^L-U _,L_ L_a 4___»J (__ 4JL_>JI c__j_c I jjj . L^L____,___j 

.(jjj-.*-! 4jiajJI CjLL_3_Ltl ^<-». (__ 2j-J>J iljjlaj L_JJl>_ 4_4__>JI 

,_J| - w < : ■■ Mcn ____ i j.| ^ l_oj-_-JI ^ «f ,j| j__«j , 0 Vl J____, 

I jufc __fl j--jj l-9j-u,J .4±jL_ 4 j 0 j rttl <i a Cjlj-jjj C__v_i ___JI («_JI LSLuKj a 
CjLajkia Jl j . ,. ___ ^a-JI 4_jj__j j___i ____ 4_JL_II 4_-ii_JI Jj_l___IIj Jju_-_!I 
4_ii_ I n I >i La jlj-C (___- u*._, > -stl (J-_>lji ... < ~ ._i ~- . 4-jj i nil V CjI oj.ii->. 
4_l4— j ._Jj-—_JI 4-La— J .-— — _jll J_j- 3j— iL_JI 4__Lj_i_J1 CjLl4_-I _lC ■ !.<.. ., \l< 
Cjl j j i I 4j__ai CjIj o<1I - j-_ j i ". «" j . L-j-j-Cj .4_-LI_Jlj ._?jljJI -Jj -- "itl 

"JjLoJI "uj-aSJI (jLi j-?jJj ._-*_JI ji _,<j.m>_-!I ijl j,,,ll <___ f lj__ .variables 
_>a jlu-jJI ji ,j-Lu-JI 4j__<_a 4_ijL>^_) d_y^ <___ an observable 4__>.}La-J 
3 j „<1I L-LjISLlLIj 4 j<j ,„>L-JI -_jJlSU! oi 6-» ^jJI c--<-J • '--^ 1 '*■ — 

lj j"l< (jL__l_j-_a (jrp jJ-jJI (jl ."U-O-^UI Cjl_L4_Jl £_l jj? _>_-- (j__ (j_)J_*__J 

--j-lLj jIj__jj j, > .ilj . 4_i_9j_»_a «J ^ Laj 4__9j_«_a I i j< <u Lcj Jj I « "i j I o j'4 
:(4_aJ_iII) _g t j_ o~1l J____l __9 j«__L>. J~ — 1 _-— - (j-ij-ij- _r_uj-__ 
N (j_a "JjSLa 4_ajJ__U 4JL_- -» " l( *_JI I <jj->-j_- 4 _ ~- j (j-a ( 1 ) 

t (j_ajJI <_Lc .1 a"n" ^ 4ls._La 4jlju 4J__sJ 4j| ___ LaL" ljiJj_>-i IjU"") laj...->. 
JSLi Li-jjj 4_l>.jII 4j|jj_3 . T] r^ JJ--JII CjI g -r"i o (j-a N JJ__ __ic j 

(jjSLj (__JI 4JL-JI <-.... _i T eJJt (jl l__>.V .4_>ajJ__UI (j-c 4_l_j_-_a ^jt--, .„•, La 
-j_j__j 4_L>j^a 4j|j -JLi-k (jl Jj .4j 4-__l_>JI 4j -l.jJ.1 4_JIj pj ..,->. JS-t L_u_- 

.1 --uoj olt Sjuj-c Ci Ij j i "i a j (j-ajJI _-Lc 1 a'-' &j . J__> 4_ajJ__La-J 

,"_aj_-_J.I __3 Sjj^.jJ.1 Cjloj..i--tl JJL-j 


^jlsSJI^ISjjJlo» 


4J_L_4J 4_«j___ !_£>) ci-jj. , I i o ~i -- (j-«jJI j-_ 4_l_>.jJ.I 4jljJI jjJ-_- (2) 

(_•_ iJlj-j" ij-jjj-- 4ua.jJJ iJljJI __j_. l_j :<_-JLj L_- jl m"^.L I fl ri.^ii t__>j__- 

___ |'jlcL___ o^l o-j 'eO-»-^ 1 ^LJ-jJ' -jL_-*-J 
. JjLJL wave function «4j».jj> JLlb» j state «4JL_» 

$£J_-U ^jJI >( ___JI j_» Laj SL au-jj^jjj. 4* 4^.jil 4j|j (____ LLa L! 

j>_. 4jU)/L9 1 S4jjL>i_JI oL_,La_J ^j-J J__UJI oLij V LJ Jj__ LL, 
L> I jukj 1( <_CJI Kjj-L a __c 3__jj__ < m< __a L___>_ 3Jjj_ 4_L__ I . j__ 
.i_i__JI lj__ __a Luijl-j Li_ jujl-j j___ljjj 4_c _jj_c_ i__j__, 

C $-jt' »_-f 

_jjJI jJk _-JjjJ (_?- (j-* • 4 ^~\S~>' 4jljJI j»J4__» CjLIjli <__Jj -jf JL«j L_.j 

_l i mi^I 4JL_v <___ I il il "~i (__l!l 4__>-j__a - mi 4_jjL_ _)! -j__L__l 

-.^.jll 3 . . ,t,nc_-L-j.J-J-l oli 5jUI J_ >_____ t_-uL__.iM.JI 

«C. J. Davison _j__j_>I_» __« J_ 4_-_,L»JI 4jj_e_JI *lj-_>.L ^L-j i"juj_>JI 

G. P. «_j____aj__»j ~ i - -ii oL.jJI _, a L. H. Germer «_v-_j___».»j 

4 j -_.L_JI ijjt 4______o 4jj__>_ L_> ______ _ aj inj . lj__L>_l ,__a Thomson 

4jj_>u (jJkJ VI i__IL!La j___j (____ 4j^j_j_>JI J_.L_L_JI ~____jj L^-iSJj 4j-__L_,_I 

J-L__ _j_>jj .^*) I , o .1.- -jj_5_iil two-slit experiment j-j-jll J__tl 

\ A-v (j-Lc 4jjI_>o -_!__ ( lAYA - \ VVT) Thomas Young -jjj _>_•--- jp jl -^j*_ I («J__l j ,Vi (*) 

j_»J _)i __4__l cj__ _*- ____i_U <»J>_>J -___—. J__ . d_uj__ll oL>-J>_l J-— _G L$J_t — i_L_>^1 (_-lj) >A*Vj) 

cijj^ 1 0~ 3— __ I « _lnr fu Ln_jl>-aj un ~j . W _n_>-i _1_- . Ir. ~ . .. "i («j "l_.lj J-t-a ,__ ____ JjLi. 

i ■ ■■' JjL_JL> ^-i'--j ______ Lj_> inlerference pattern J_.l_i_il j_>L_ -lsji _t;j>_J.I 

<gIju-L-___- 4J __-Li j_sj) .j__J_i]l _i_- >_j_-_.3_- J_L_- _J_i fringes (_jIj_»'VI j)!) u-iLj-^JI 

. [j_>->ll] tJ> __JJ (-s-jjjl Jj>_JI 3jj> JjV i.i.ii-j '*i»J>- ">__- c>-_l _)L Jj I j-J) ii_il J-.S/I 


iL_tLjj"_jM (j£iJj i4jjL« oj i n -k j ' ■ » £J-ojJ i-ij->- i4jj -ir"-ll c_ujjj (4. 1) 
j dil jl J_c (j_o SIiiiIiii 4-L__vt jj CjLjjjj_lSLiy I ,jc t__ji__t1 . A JUC 

(jl "1 t "'«,) (jl n i"t 4j (JjL-w Jl-j-jj B JlIc 1 U 1 njJI (^j) 1 C ^U 1 nll (_ylc 4-cjj_9 
■ t»j...j*ll (_j_5jj»j (jjAjl «1*4 ((jLjjLacjjoj (jL~_ijlj~L«>j (jl"iljU"i 1 11 « 

(jLS I jj L_wj__L« 1 JAII (jjS^ ULy 2 4nr-.nl! ^LiJ 4JU. Jjl j__Lcl 
1 \ ~. <~ . aj ... i_Ll_a Ij » ./» A jJLo-iil ij-a 3 "■ - ; ■ ■ I oLjj__<JVI (j '« 
£_*jjja j_fc L»_> L»L«u 1 (4jjj_t CjI "iU"U) j-irj-y Cjljl J-C ^ ^J-O-- CjLItt*iiiiI 
JjjjjJI (jLj («__J 1 f l i*C o_> "jjJ-C CjliijL». (J j -r 1 n* Juu .(_,<IJ Ii|-_l1l JJ l«-l"llt (jjS 

(_]J jcjy Ls wJLiA <j_uJ .C i__Li_JLI jcJ___ ^-Lc X - r __.jJll ,__9 4JIj_> ,jjjuJI 
Ls Lcjj jjjj-JI jl ■"*''! ^^Nj LajLic .__ - <j..._\»<1l jLUyi ____ (_,"i->. .3 MnhjJI 

4__iLiJI 3 j<j"iLj_iijj-_)<JI ^jiUI j-jjt" (jjs IjjJj jjiJI (__j_L>. (jj» i_ij_5JL SjLLI 

(_£_)->•? 4j_».|j (j^a £_J-U Lo __,-_ oULbtjl i_£j2JI iJJ-A i_Jj_>o La-ijJ 1(JjL>JI (j-> 
. 3 «ijn" 1 11 n 3-J_w». CjljL_va (jj_o (jt 



B C 


(_lc J-*JI Jj_-wo L-i^jjaJ J P] jl j 1 -nU). -Jjjil (j\i_JI 4jj_»o : (4.1) JS-i 

P|2 . Jr j_-Ji.l .L>-jl_w« J_v_a 2 (_cm_J1 jl J-x2i_ 1 (jJJI Jj-j Lojuc j__JL>JJ C J_L>JI 
. (j__vj" 11 »1 (jjjSintl 5t£ JjSj L/»_i_ ^jjjJI Jj-»j 


iSjlS&JI^ISj^JIO» 


,____. (___l Jjj _j_- . X _> -Jl j_ __JI Jj__a j_> P, (x) _£J 
--Jj-t-JI jj_>j 2 _j_JI £— 1j 1 J— J1 J—l _iVlj .-_;j—J.I j-t» ----- 1 JAJI <jl 

_)L ~- l'<. J-a (j-L»jjj_ll I J i T i 1 . 00 (.yJI -'I Jii>-^' Q i~ia (__1— , J J i r> ■» 11 

UjL__l ,j_JJ _£*_. Jj__L_* <_1_ l.iSLj.nM^pl.u-nj Uaj , (4.1) J_L_, (_a 
(jji L^>-jj_- _j_«— u ^jljJI Ujl Mi**ilj _ j_jj__J'}'I <____. J_a iljuJLl '**'.;** (jja 

. |j____ . j__JI (_____>. _j_J -JJ--1L -±al_J1 (_£j_1 _1jj .A J_C jJ__J.I 

>L__ ____ ___a -j^jJI jj-^o^Ij ^IjjU-.^ ^-JJLiA^l 

J-A Pj^ (X) J-jj-iJI (jj— _ (j! ( _, i I i J j in *>l_l J J hiU ,j_a .(j______ll 

,j_all (j__y ._l!i <j_ St_— .P, 2 (x) = Pj (x) + P 2 (x) -*JI J__L>. 
jl VJ .(jrt_—l J_-I J5_- (j^a j-oj (j! JL>- (jjj_LJI _S? (jt JU__ JSu ___u (j! 

_j_Vl -__*_* (__ (j^j <J (4.1) J___ _> Ljj__ -__jll P, 2 (x) jjjjjJI 
j_lj_ll (j_. _jJlil jji^ltl <j_j ^jIUI iiKiii (jt U_ ._-j*-.l ^«j>JI J-_>_- 

-•l_jj__« A JL_ J-— J — Ijl OjJ-0-> £_J--I "rJj oill JjUa a_ij iS.i - ."Ll>-j1I 

3JL-JI _1_ ^-3 J_u_ V ^j-— i ■ I j*v_i i ii^-T I j i njUI ii qj_>^- ___J i *■ i < _..> ^-jj—» 
,Lx_ L_^J"M__ j_ij «jj_t_ i 2 _3_JI jl 1 _3__l JM_- j_»j ej_JI _l_ Ijl U_. 
_jL>-jII (_$jLJ__J (j_— yj '•_)--- iJ-> _>- 3 j ii i jU I i i -jj-i— _l_>-j_~ _— >-jjj 

u iii jU I ii a jj-g— .t-ia*' £—_>"}/ ^Li-ljL-j (jl 2 (3— Jlj 1 ( 3 I I (j-> _A>-J— »JI 
_4_ ( _ ;r _|j_jjj_ -jj Jla i(_Jj__ __L__a i _ .j ?~ i . i j . Pj^ (X) Jjjj-U (|__l__ 

c>JI_>JL _l>,jj E 2 j E t (jL_: IjJ . E t-jj-^LII JU>ai jjjI . C (^j. 
_jj__ P, (jLa .(_Jlj__!l (j-k. 2 j 1 (jjS miII _j_ -_ajL_JI oUj-J (j__i- 

(jl _J__ ___-_' . (Ej + E 2 )^ j_a P ]2 j E_" j-a P 2 j E"j j_a 4 
i_ij__> J__L>- ^a < . i nl i*i a (^yjjjj J J_-lji_ J__ Julj P^ J-lj Pj (_5jL_j P]2 

. E 2 (> Ej 


Cjl j mLm I 

3jJ.U_ 4jf tjjj^j.n^KJI 4_c. i_- jju ^ jJI * ji^-ill 4 nnitL I J_«. ^jui^- I j__ J_ 

____ ^ i3j_____Jti ^.j^u l_>l>.j ^i,,,^ 6i>^yi u' j-SjUI -^j-» 

(j_- J>L_- j-~ J-3 _)j_J _)l C J-__ -J->-jJ.I u?J ) ~ . 1 1 t l <__J1 J~->J ijjjJI (jjj-J-J-M 
jjlC i>jJj-« *__! (jjj__J! J_' _LJ_v__l Jjl_*_i Lu__ il j__ (jjo ,j__»__Uj . i U 3«. J_-lj 
j_jj (j-__t __JI _jl Juj_>oj (j____JI ____ j_ij-« ej-i-» 4j>-j_ij -JLJjj njn ii ilill (jjs _;l 
(jljj (j_->-j"' ti 4 (jl n miII (jj-_ L«JL__ . I _ m^ti (_,jj| 3jLi^/l ^jjj (jj^__CJ^/l l__J_) 
(_$ jJI _jj_JI (____ --j-U-jj LJ__ u-.i CtiU nj__aJI (jt (__1«-U '_-*_-> (jl (j-^AJ 4j_>_«_JI 

__-ji cjUjp-jyi _,t *jj.i j_5-j l_-j__-_ . i j_* _jj_>. i _i .(jjj---ii js 4j>__- > 

Ji__JI JjL- __j_« (-Ul -JJjj . P| _5jL_JI jjjjjJI L_J 0j^_-~ 1 (J--JI JjLi. _jj_« 
Ji__JI (____ » n'i«j _* _;jJI (__JL_>> _*l «_j3j_JIj i (3jL_JI j_jj>-II L_J (jj^j .11 2 
j_>. L__ j_>._4j V . P^ + Pj _« •> J__>L_- - _i_>j__ll i M n-» . - 3jjj___JL _ij__ 
_jlS_«yL ___J . 4j j_-__JI _*« jlSLjlJI L« j_>. __II j-oj. j__ jJ__JI J___ (jl 1 J_J j_ 

(jjaju l_ijJ_>. I i i i m a a-jjj irill l_jI_>.j1Ij (jjj__vJVI j_I_ J« i"i_i J--_J! (j' J^ ■* I 

L« Jit j_Vl I j__ J__>J >j___JI Sj___ Jj_i_*_ L___ I j_jjj .jljdl ,._) -J j____. v _I 
.3MJ-VI __L_ V t( jl i -Vl .^---j (> . j_.Jl_c (jJ^-I)» cjT VI !(j-U| 
_)L_ - L^-jjj (j_-«j V -_Lj_,_-CJ! - -_Ij_L>JI _>_- 4_u_j__JI 4___UI _j_$J 4 i iuilLj 
ijL____-L .j___JI JjL>_ V L«.i ir ^-jjjjilll (_,;-»• ill << K iii __JJ _jju Pj2 jyjj-II 
(jjjJ-Ciyi (jLs .L-Ji ^__ -u_»_>o I ilj .(jjjl-jyi jl*.^ (jj| (_;>__ __j___ lj| 

jl) jjajj j«J I jj (jSLI . JjLsJI JjLi. J-4J LaJLic. (j_La__JI (j_5 _jl JLxC «___l__»JI __3 
4__jjJ_j t_ij\___i J__ <jl__ jj L__ii' -_lj ir-in «_iL_ ((jjj___J)?l 4jjj ^_3 -:_*__ j«J 
,4_j.jJ,| cjjliii) I _ "i « i(j__-_II jL _ jj£. L*j__j jl 4jj>.L_iJjI 

JjlijjJI 4j iijii -«.II -jjL_t_JI J-_J_>- (j_- -J_jJ,l Jj__JI 4jj_>o c~iii mi^ J__J 

olj -j| <i jin -^llj oLjjj-__JVI _)l i.-.t ii->jlj iolj___ _;j_« (____ i--jj_>-I __-JI 


iSjisiJi^iSjUioD 


£LuiVI . W 4__>.jil SJIjJLi (_>.jil Lj.LS' _>_. j__»j_. 4j_Lil ciloj... T n 

4 j^ j i njLSJI CjI » j i ii -Jl j_a ,«__iL___j i_Jj->.| 4 j --L (jjs i ii jlnl ii ajj jKH 
4-)J im il.l 4_L£.L«-iiyi 4_-L__l j»j_>. 3jj___ ___■ l_U_j ijjn i 111--II I w "j i,->L>. 

"■'■I sUsU» J — ■ . ..' . i>j . ,. 4_uj_i__JI l____Ij_LJI _)L_s i_dJju VL____lj . _r_i___ijV 

5, 1 miII 4_u___se__a _(____.} ^_Ll V"iiil _Lu_ .4jjj_>. oLLc___jl _>-Jj i*Oj_-La iLalSi 
:i")I n j i ii -rll 4 i inilL LsL»j •x_5j_i_«j_- La Ijukj . A -__c __jj_l_JI jj___»il (j_s 
. 4->-j-a — /rij i n-_ 4jjLij 

1^4-JI KjjKj4J _5^»"j La_t_ j_>J_jj__j 4jjj _j-u i__j__j . |_L_ _yJ Lj£>_ L__? 

_j_Lil _)^N ^.-,,..V LuL_v_a 4__,K".U _jyj_JI Jjiu_JI jjj_s _;__>•! L$jLi (j_J_j___s 

Jlj-j-j _Jjj___j '_' yr._i . r< 4JLs- __ic _)'_'l j-jjj -__._ i—ilj _>-. jL____ . 4j__jL__i _?l 
U 1 ** <_>— " LrliLH lS j S >^ JH^JJ^ 1 -" LT^P • '— 9 JL*-" Cr^ *-J J ~* " a 

.jHjiii-rll L__v.L__il (_>-jil JL>J.I _)-s La £jj JJ-J-J Jl o"i--L 

jjJi-UI <__i I o < L_*U-) u -.lj__-il uK-.VL JIjj V _,_-_: .4j1jl_JI Js, 

,j_J . 4___>J 4j! ___ ___jL_*_s l_Ij__sj 4 j n <j 1 t i>>j_s /nj . n -- II _)f (___j__. jLSJI 

__>._L- JLa— s 4Umljj 4^>-jja l_s J_v __JI _)J_J 4j_j_- (jU ______j SJljJlpJI 3j___JI 

3jj___j Ljjjj j__-JI l_L_».jaj _)' "".» «rO"^ 4JL_-J (»1 in till) _)-_J.I _-- j ."1 "1 i s 
__>-jil ._jlji___jVI _,_J .4___>J 4j| Jl_c _____ _)__a __fl -J>-J~ (_)jL_J_- - 4 «1 - 

4_t>.j_a ___fljLc. ■ -IL __. j_»«j_jj__i j_> ^j ■«*■■_■ _;_JI j_b 4_-l jmjl 4_>jj _5_JI 
__1J I j__> 4___5jij ■_ j ■■■ ' '/jll __Ljj__a_Jlj - j<j ...MCII pj ... -^ll __4_-L_j j _ru 
4".l'i< J-J--J pjin •»-) La Sjrtj^i 4jj___«'.ll (X, J/, Z) Igjo.nj .-JljJ 4jih 4j_L__a 

: 3jj__JI __ic .V (x, y, z) j^ (> _Jjj___j E 5jj_>JI 4_iL_>j m 


t> 2 f 32u 32u 92u \ 

\ + + f + Vu = Eu (4.1) 

2m 3x2 3y2 3z2 
K 4j<j.„M£jl 4_>L__JI 4J_L_«j -Jjbdl ojj» J-jj < SjSljJI 3j__L_i. 

4__LL_JI E j ■ 3 r 'l 4__U_ V j 4_^_j__JI 4_iL__JI K __j__. . + V = E 

CjI S- ,1,11 (j n .nn (--II _JJL»JI jl ■ 1 r I (j__y .(4.1) 4jjL_JI <__ .4_J_JI 

,-,,„jt u ajljjl .3_>JI 4_U_J 3j__L__ L» L*l! <-Lc 4jj_JI (__:>___L__I) 

_jL_>L_I _Jj_- ______ .3jjy___JLj __-■ <-.mj1j t-j ... -teJJ 4j_»-_)J,I 4jljJI ___• JUu 

.(4.1) 4JjL_Uj j_»_jjj__. J*_ IjLo lUn^ jj (jVl L_j (jSLIj . j_u Uj_ 

«Jl^J <jj_u V 4^9jl» a Agy 4jlj 4 i n.ilLi .4 j i^LjjJI 4_i__L_l ^yi 

_____ ,u 4j|jJI _,? VJ .E j___ljl_JI _>_. jJ__JI _ij___j .JjJ_~ 4JjL_»il 

(jl j_>o jjj— _j (j_>j_i__l J___> j I . ii (_jljjj__ Jjl» ~n JUu JJjjj («-1 . I J— - (_->J 

.well-behaved (j___»JI _JjJ__ji __lj u JjJl>JI _JJ_ VI Jj___ V a » j .Ml 

.Z , y , X jcjS »-t__>J (3jJL__«) 3_j_La U _)j__ <j' «_>--»- 1 -JjJ-JL» J____uj 
3jj--j> L_ul _ia_u (jljt i4jL4J V La (__JJ -jt^j.»."!! e j_fc <j_ _jl __JT LaK 3, Ijnaji 

3jj ■ a r 4JL__ 3 -■ , -. :l l __;___ <l_.jJ___.I ,j____>JI _JjJ__JI ^ _j__l 
5 ij i-- __l__U_ _JL___ (jj__i E < 0 _jL__. 4j! V = - Ze 2 /r _yy>__,.> j .tl 

4_jjJL_J1 <«_JI 4jjJ_j __fl I gjlr t il.o -*■ (___)! _jL_)L__JI _>___ __Aj .4_-ji . nn 

___aU_JI j_u_>. _,.-_ E > 0 _,U__JI <__ U ia_ _w*_ll »_-> |'jl» _*i_. <__Jlji jjJ 

. }____« 4_tU_JI i njlri _)Jt-__) .4_-J o i n a 
-jlj 4jjL»__. _)...- _JjJ__ (jji 4 .IL-iTi Laj) (4.1) 4jjL_ll __tl Jjju __j__ 

(3__u __j__ . energy eigenvalue equation 4_sL__J (3j_yo_») 4_ul j 4 
energy 4__L__LJ (3j_j_ai) 4__jjI jdl JIjjJI u __jO__Jt 5; ,„ ^ JjJj>JI ____ 
(3j j « tt) 4_j.l_JI ^j 311 (___» 3j__mi _jL_L__]I o>^jj < eigenfunctions 


-SjljSJI _JI SjiJI o» 


.-_uL_La _j ___-}_« "j_- jj_JI ___. i L__ .energy eigenvalues 4_,U_11 
jjj ;'l <_>._>. _JLi_ ......jlj ,E 3jjL-m 4_jU_ _;_ ,,i-v ,__Ij j j iVi 4J_L_J.L_ 

__a ,4_tLI_JI <<ll1j !"jj___ 4_.U_ («j,,, -rlt ____) _.l _n0JJJ j-at . I j<J ,nM- -JJ- 
I « 1*1 4__i_*_a J,j 4_)Uoj 4_>j_- 4j_U_ __J "^jj- 1 '3 j< j i iiM-JI 4 j-_L_l 

Kj"iK j a 4_iJj Lal ._H«jJI _» -bl- 1 <|j.o> _U-L__ <j^ L)b '<*J "' *^J->- 
(jl (j^J jJL »5jJ--e-a 4__-U_ 4J _)j__i jl <__!! --. 'i -r j V fij i n -*.tl _,L_ 

4__U_ ^j ,„ T n ___-_ _ t 1 ,j"«. _jj_*j 4___L>. 4JL_ <_JI j j ,Vi (4. 1 ) 4J_L_U 
aj.uij J__ ju V __ajji _,T c-*> L^! jjjii <_--" 4___.}UI _ .-_j__a 

4_j-aj-»-JI K/.KjU <>_h_JI _~ 1 -*' «- .'K 1 J J ^Lj-^^l ul t* 1 '(4.1) 
,___ lj v - Ijlc.1 ,„ o Ijaj u Sj-j_«J.I SJIjJI (Jjjjj .»tj ,,i II (__l_. 4j*Cj ,„>L-Jlj 

j l r.r- VI i ,a ^ ,.„-.n 2 il.AI I *U>jJ,l 4jljJI ■- I I « ji<- L$__Jj .ja.UI 4jjJiij 

_4 4__L_J_) I , L __ajJI _J__ ■ o -. «1 (x, y, z, t) a-e-a-jJLl 4JI jJI _±_ jl 
.(*L___JI)jl__.l __!_, U_U__.I 

4_j__.jil 4j|jJI ■ *t j____jj___ I fl jl) ,_U_jJ ___!! 4j_Liil __A flj__ 

: V Jl£> (___ _Jj_t_- pjin-».! ^ 4jltntl 

- — {—7+ — - +*—*-} + W =ili -L-l- (4.2) 
2m 3x 2 a y 2 9z z a t 
Schroedinger j_>j_jj-__ 4J_L_o (__-! 4J_L_J.I ____ (jlL-j _____ 

^"imimI jf .lfl-y-i~ii,il j_j»j_jj_i _)i JLSj jV _____ _JL__ _>-Jj .equation 

4J_L_J,I j-*j-- (j^ ^j*'- .4_J_. ( _,L___'I _>j__. _-1 j-a . (4. 1) "UjL-JLI 

4 i -kI i^.U 4_>.jJ,l _j_. 4____J__j _-JjjJ _;_ 4-1 t- ~i ,„l J_f) jL-i 4_j_».jJLl 
jJ-_L, jJj 4 j<j „.M-JI Kj-.KjU 4-^ _____j ...«j „,___ (_$. 4__lj_l 


OLuulu/l 


4 i ,„;IL "jL__« "*_-__ l_I_ 4j<j ,„>KJI -^jL-UI _L_ -11- __j . _jj_*_- 
.-.«jlm "Ll~j_- 4j__jjl__i„ _-____» ___ 4__j (__ .4jl_ Ij^Jj ._;j__I __,__ 

(__JI 4-ul j .V"»LjJI _j L_j__uJ I 4 * \\ \ _j__j_w {^<3 ^ (__!! _l t-" * _,l ^jt^". . ..j 

__jJl_- (_DI Sj___JI j . J_l_ jl3 <d_ I ju_ (j_J . 2 X. ...N<ll 4jjJijJI _$_. j____ 

(«U j-_»__Jj-__ -JjL___a <j_ l£>--^W <4l_j_~ <__>l_- _-*-«JI Jj V ' II <___ 

__ «(_j_u *4 j>jJ>I -JIjJI 1 1 g r jj__ j_a i 1 1 ii ~t\\ (jt J±_ L_j___j I (jlj*»- ' i "i 

Jj_*_« (___ (j_j ^J <___; _j-i_JI 3j___JI <j? <_-__ .(«^-±11 L-j ji.ni"! ^Lu—jyi 
C_i_> L_jj i(~ j_jjjjj* _,___! jl) j_«_Jj___ 4jjL_»j (jJJjj (jjjLa Jl.l i"iinl 

_i__jJI (__> (j_,L_JI (___Lj__ i __JI j-aljJJ j_jj__;. f j_4_-_- __Jj "j___a 

. __!_]! ^j+____l 

: l^Lij o___OU1 __» jj_ *l jl.)/ (4.2) 4J_UJLI _JJ __M --J 

.- 1 JJ__ ^^-11 jj^*JI JAJ . i _JU--I -J_JI 4jj_il (-- j^_U (1) 
Lu_j . 4_j_j_o "U_»-j_ Jlj-J J_L»_- (jj.l t"ni a (jj— j _f JL)V L_l (j-i-J I __>J 

_Jj L^S_ __Uj ._j_ Ijjlc jl -Jlj ___ *lj__ . g 4__j_« 4j_»_ _;l _Li j_ju 
g-c-j-.. g = g r + gj .(^^^Ij^-S^ U_j-_l :_-_>?j> J-_L_ 
_L) L_ut j_"jj . 4_3j__ 4 jlj V" 4 j o< igj _j_3 (_!L_Lj ._Lj__j__- gj j 
IjjJ j__jjj . g 4__jJLI a_w__J complex conjugate 4_L_ljJLI 3-j__JLI 4j«<tl 
absolute square ____JLI ^jjil ____jj . g* = g r - i gj (__ . g* I ____> 
• g*g = gr 2 + gi 2 _-» g ^--JJ 
.solution >L>. ^ _L_ Ijj ^LUI ^.uJLL .3 jt^ (4.2) aj_L_JLI (2) 
l-i ,,__? 5jj--_uj .tijLui-l <__rj_, cul- A __x* .__Jj_ ojSj _l_ 
W = Al + A2 ^2 -_j , ~r -II (jLa .4jjL__JJ _i_. ^2 j _L_ 
._LjjLj__I oL^j-» o 1 ^^ A2 j Al l_j_. .4jjL__J M_. L__j! _,j_j 


^j-M 4_».jjJI 3 7, - « ,Un J„- ,V, W 4jjL__J.I _,? Lw (3) 

z , y , X 4_i_.1 j__I ol jJull <___ SJIj£ 4_jjl__ oj-T I jl W _)L_ .(j_»j_J 4j.„;lL 

<_jU__*_JI _J_a-?- 5, > j ->-J 4_SjjJ_j 3jJ_*__ ijj-^ ^LjJ ' 4 'J » a 4j__>J JL__ 
. LaLu iijy («_JI Kj'iKjo _,j__ _-__.! I J-0JJ ._;j_- - I 4ai_jJI 

4____}Lo LLjLSLaLi (j£J i j—jojjj-m, 4jjL__ ,___ 4_tU_ j__IjL j*J_j <*J (4) 
4jL_Jt L. J» (__. u (x, y, z ) <j_.jJI <___. 3,> fl -,.U j_^ SJIjJI _i__ -.^1 
______ .3jJ_l_-U 4__U_JI E __^. . (4.1) 4jjL_U ___ 4____JJ 3j_j__U 3 ^sil 

:_)l j__m_JI _j 3 Tr~i 1 1 j_l_>jj 

W (x, y, z, t) = e~ iEt/ \i (x, y,z) (4.3) 
4jj|.oll J__ ._-___ c__jJI (__ 4_f L_J__> (4.2) 4JjL-j_JJ __,__. J» ja 

4-o.jJLI 4_Jlj _,l_ , E 3jJ___> 4_tUo 4jL>. ,___ ^j.,,-%.11 (jK Ijl ,lj<Aj . (4.1) 

(^Vi j_i__ai <__a 4jjj ,n „ u 4__u__j (sj^ai) aji jji ajijji ^jL^ *P 

djl <__.! 5jj ___-}__ (jl Lloj! .(4.3) -UjLtU <__■ j-ajJI J-« JJ»~U 

.E 2 j Ej (j^jjJoLUI _rj_-.LL_JJ Sj-j <iU 4 ■> j-JI -UL_JL _r>_- u^ j Uj _,_; Ijl 

:»-ft j Jl J__oL>. (jli 

W (x, y, z, t) =Aj e~ iE l ,/ V (x, y, z) + A. e~ iE 2 ,/ V (x, y,z) 
,(4.2) 4JjLl_JJ SLo. L-ojI jjSLj ,M__t (2) -J__-_}U.I ^ f L>U LLJ» 
uru-_9U-> _-L- Jo - J_JI Ijla (jSJ ,(jL_jl j- VI oLuIj A^A^ __o__. 

(jl 3jjj__JL (jj-J 4j| jjfc __tlj_>JI j i „->JI 4_iL-s (__-k _)J-_ I fl()J— - ._»----_—« 
jl .SjJufc-« <_Jj_>_ 4 j o ^ jl . J J Tca £_u-j_4 J? . 3jjLse_a -L-Uo ^j ,„ T I1 (jj-L 
4j_».jII SJIjJI a j__ 4j ^j ,i,-fc,l 4 n.iilL—jj ) l__>L->J .Sj J-t a ^gjlj -Jj_»o 4_l-__' 
4j ,,„•> l_iVI__-_-L E^ j E^ _jr;- |T 4__U-JI (j^L-) ^U.j jt (j_Uj .4_-->UJI 

. A] * A,/ A 2 * A 2 


,4^U_».I ^)L.1«j ._j*?_ VJ L» ->Lci jjljJI J_JI jl J-»V 
_,jj .-_--lj (^«uO lj__ .(4.3) 4_J__dl ,__> j__LI_JI £j__l _>~ J_>J-*J 
}__- 4_1j jl_- ,__, j ■ '< ij j_j-_-Vl £j--JI Jjl_- o-« jjl-c. lS' «^--»1 >* 

.>»_ jjj—i, 4JjL_t 

vj>* v jiui ^i _j t- : <P* c^i ^ 3* (5) 

J~i__ _,L_ ,<>l j__JI ,__IJ 4_sL__yL _v«jJI (-1-. Laj t f Ij <,', « o _J-_JW UJ^J-- 

^jji^-L- j_c-j v^i>ji j-^a^i _j__ 
111 dx dy dz ^* ^ = constant in time . (_v»jJI _-.!_) 

4_L_ <4_-Ij___ 4 ij , - J--C-JI JjJ_- _,j__ V L«J_- :,__, Li_ 4___}UI 

.£lj_UI __> (____ jji-Lj Jal__JI _)t __»-__ (_£-J 

_,j_-j 4__jL_JI 2 r ■ y-t l --I <_. _U__JI _,t j-_-_l (j-Uj 

jj_j < j__JI _-j'i_o,t (_:jjj__- ,. ,IU~ a j_a_M 4 n j n -- (__ 1 j_»j . IjjJ_*_- 

square SJIjJI ^jji ,I_jjo__ JjL-JI _U__JI _j_j _,! I_uj_-_ 

4___-J <_. I ;< ajljJI j_ij-« J-l£> 6-* • JL2. L*-> integrable 
_j-«--^ c-3 — lJj-_ ijj-*. *— t j_-jj 4__jL_JI 4JjL_U _,La >(j-~jJI 6-« 3 ij « - 

J 11 — J__JI _v_-J J J J '■ * J ' J ->JI I j_* J-_- ._Tj-_- Vl 3 j ; n jj I _jLIi_*_ll 
(i_jj_-_JI J__L_-) -JiLJI 3j__)j <j <i n Ji-jj _,! , I j <UI (j_- (jj^. • «__LJ_» 

_,? (jiUj) _ryJ'j i/- (__.Lj_JI -jLJI __ j_-j . scalar product (_-.-j_JI 

:3JjL_t,Lj g J f (_rt_j_j_« Uj_j 

<f|g > 111 dx dydz f*g (4.4) 
jLh_LI (j J __j _i_j > __JI ,______».j .< g | f > = < f | g >* J ____-V 

.,_JL_ >j_.j (_Ll1>. j_.j ,<f | f > j_ f ajljJJ jjJ.1 norm (_>-L-il) 


iSjljSJI _J! Sj_JI o» 

4jif>L>JI • jj ■ nrt*U 3-___l_) Jjl a}__l 3jj_jJ,I _>_jIj_>JI 4_L j »->- a --j___ 

Im<oj L> J£ ,__> W Su^-jJLI SJIjJI o-» 1 c^! l^j- a-»5L2il <j_> (3) 

(jj-j Ua 2J__>J ___ -Lj___>j Ijl 4_i! _---4J >(« i ■!■ -*JI 3JU _>£. 4__-_j___a 

Ij ,,„n-, -j_i____ (5) 4_j__.L_.JI U! .jj-U i__>J Js> -jl__,j _)lSLa?L 
_,L_, ^-LUU Y <__l_ Ijl <_! (2) 2U__>L>JI _** ,_•__ . LJU___I 
,_____j _;jJ1 (j_>j__II Jj_— L___ ._;jL__-1 __jI_ A <-.j-_ «_UjL_ }__- _,j-_ 
multiplicative < *irl .*-< - <-■■! m <_____ 4_____>J.I 4_i_».jJ11 JIjjJI _,Ij 
<___jj.1 _>___. <4__uLj_i___ll 5JL_>JI _>___, _-ljJI __a < *> «vi constant 
jLy_-1 4jj_>. J}L____1 L__j1 L__Uj <GL_ «_iIjL_ <_!!_ _>_. 1-b •L^Wj^-" 1 
■ - ~ 3 _ -.j ti juijji (JjSLj <___ multiplier (<_jjj_____a) . *,r I a 
:_>!_;!• normalized 
<W|*> = 1 (4.5) 

J^_> l» - J - > __ - 'U^' 3 •Cr- J^ _r- 4^3 J fl .i a 2jjL_11 OJU- (j_-J 

">jj__- Jjl _-j-i L__j . ^ j i ii -**\\ _j-_»-j (jl___a _y_i <i____ _jl—j Lj j i i j 1_~ 
_)___ _jf <___ l_j_>.j-« _)j-_J pj i . i -^t l _J 5j___j (j__ _L~_- _____ -Sj-h-» 

■ t- " *• J-al « ~<*i ^a—JI -LijKj a (jl 3j____J LgJ, t J "i ■ n'lj <4 Ir» -J 4j I ___) (jrt-L-a 
.(--,1 j__J1 ^Ul_-VI _jjj--J lj-aj P (X, y, Z, t) (j__J .__VU___V1 j_a 
__U_«J _lj— -II (j_a _J____a _jl __L- P J-L_- «-Ij-^-l _)Lj __tj_«JJ 

(_JI J-___ <_)JJJ _>_-U 1 « < " J .<«_*_>JI l__!_ (___ j < n y\ \ -J_»-J JL__i_-1 

(_ll o-,^VI _jjj_JI <jL- Y -JUJI (___ 4_-jJ__II <_jL_ l_l 4_l (j_,l j___>! 

:(jj_^j (JU_>.V« iilK) 

P(x,y,z,t) = V* V (4.6) 


4j|jdl _- '_-°jJlj tln- 1 <>* <_-"=■ •'■«■".' Ij^Aj 

,___U U j_kj .<U_ _lj_-)l _i_ j-ijjJlLJ J_>__JI ^U-J J-L— Ul . l 1 a X 

_L_ - __U_JI j__ L«_>_ p m.,^11 _j_>.j Jo-^I,l J_ _J-_ - JU_L_-_I 

_*_>JI jj_» I flj l<* J ,<itJj i 3j_>.jJI (^jUjj (j^jJI c?—- *'' ^ 4 — ■_~Ill 

. (4.6) j (4.5) j (4.4) _____dl 
UJ ___.U_I Uj__>j_w j^a J___~ _JL__-I _-_bjj<ill ^JUJI _l ~j___ 
L* _>_Jj ,3jrt',.„a ~j__a uj-- L*jj . («-SLTI 4jjJ_j _>-■ __L_l jj"<U Jj_— _JI 

La 4_a_J__J. 4j<j aUjJI SJUJI <j_. 4 ". Ij « a Li__4J U J£ (jj . Ij ___> 

_o V 4_l_*.j_U dJljdlj ;2_i_j».jil L^jJIj -__,-■ U _>... •>< _j_>.j_a 
__lc UjIj_>-I _>_—«_ (_7-JI ■ -I • t (j I * "'J I o j ^ 5 , * j -» j ^jL-j L.J-4.C 
jj .n-.li 1__> g -.r, ..... <_J 1j__! _1 _J_ jl_j____J1 <___-__<. .4__ajj___j.i 

.(jJJ-i-^l ___-__* jll <j-a |jl _J __j_> ^ ' _■■ ' " ' * *(jr-i Li^ lV L$J J '" "'^ 
Ij-^J 4_u- j_a 4_ulj i^iLjjJI 4_l>-L_JI _>a __. L-> J->- JJJ— 4j_.__a a—LL. (j— Jj 


4_lju _ j_*_a _LI_ _£J ,___>jj.l _.UU_ (_JL__-I j jin li" __ll L___J JL_J 
_J j___!l 4_i___ 4__L_JI Jla ,4__,>U_) 4JjL_JI _Tj_-_I -jlja<ll ,j_ l-U . 
L__»-j__ i__*J 4l'j inl 4_}_i <_J__ 4-_i__»JI __3 5 L_ jj_J (jSjljJI -Jj__JI 4_i__j 
: JL_e jJI ji 4___>U_ 4±i__ 4jjljjj_ 4_L4_ _; _ 4 inulL 

5 ___Lj___l 5_S_gi _1L_JI (JL- j_> La ( 1 ) 

,__ U__ . W 4___L_- aJU «__ U 4j__J j__ 4_ajJ_.m C_L_ Ijj (2) 

s 4_s_ai «_i__i _i_ ___u_-i 


JjlsSJIi^jSjUlo* 


5____l_- 4_ej_j ___- Jji,-i-s11j _>-L_J1 _y0 *Lj_j_l jj_ JL-JI <__ La (3) 
L*JL__j ^jSLaJLI £-i_>jJ.I -jl j <i<1 4 immIL 2 J 1 _nJlj__l (j-M L__jJ_ Jl_J 

J& l_-U_ »4_-j « .... a£ 5ljJ,l ^j-^-pi (L-_-j--_l l£ _>.L jt) Lj_>-jj 
.(4.6) 4j_L_J.L ,___ (_11 o - ■_ .1 jjjj-l Ub _,lj i3 ,«Ci ,„>l__l J1j_.-I 

4_-jo ,„l,l __L_Jl _,! J* Jj.I Jlj_JI ___ Sr 1 ^' 0P> 4_U_J 4j,,m1Lj 
JjJ__ _,j__ ,^1 __U_1 __ . I JljJl___ j '. (4. 1 ) 5J.ll.Jt E Sj-ix_- Uj2) _«j_ 
_J mjj .(3j_i-<__ Jljj) ^4Jj jii - JjU _)"'*- — J— u _lj L4I 4j_L_JL1 _JJj 

4.j__>~ J_ j_Lj .<_IL_I j__JI (__ Jl__sjJ1 4i<«i- ijj—^ -_Lj__J lll 
5a l UH 5 , , „:1 1 , (4.1) 4jjLt__J JjUa 1 4__i_1 ? j n< 4__>L_- «UjUo 4-_>Lj_> 

ij^/l La! . jl«_) L«_i_> 1 _» _>i_-L_j _>j-_-j ,L_,i <_jj_jJLI _i_i-__JI < M", 

l_4_J _____ L$J _)j_J J__>jJI 4__<- 4-jj_jj-j__ 4 j_q< JiC jL ^jIm. "<1I _,ii<j 3 
j_j_ (JmjSLjj . LjjIjlIjI jJl__x j-ii. j__aljL ___ 41q"imiUj LoUj SjJlsJLI 4__.L>JI 
(4_j_I jJI) 3j j oU <_j_J1 (__ -Jj_j____ JjJ_- 4j (jj_J ^jJI j___.ljl_J1 -JJj 

JljjJI ___> -j_t_LiII JjJ_-Jl o! ■'•■j ^ !jl j " r VI j_j-_ 4_j___ii eigenvalues 
>_>__- J__j __U . 4_j.»_J1 _JJ_J eigenfunctions (4_ijI_J1) 3j j ai 

Jl jjJI _>_s _______ _____ L_J 4iil"i-^J,l 4_jjL>jj__l _j_jj__JI (j! jlj o"imiL (j_fcjJI 

- (j_L__J 4____ll ____! (jl ju__J1 __y_u 1 Jlj_J! _J_ -jL-jj .Sj-uJLI 

SjJ_L_3 -J_L_J 3j j ,U pj 3ll (j-o 4___ ___ - L___i_>j (j<_U 4j < rtjli 

. L-jac. __>_- _j <__u__I _Jj_J 

(Sj_i_vo) 4_jj| j 4JL_- ,___ L__ 4____J J___ 4___jl__i! OjLSj ______ I jl 

jl__ 4.i,<1l _>_L_ _ii L__jl _>_5j___ L__L_> l Lj__iL_ _jji__a 4jo<1 eigenstate 
. L^J j___j V 5jl_>.j 4_ijj__j 3 jJ_L_ Ll -j—ljqJLI 4__j_J1 (___u , _j . 4____UI ■ *il" 


4 j oOl 5j_i_«_- 4JL>. (___ (_y>-jjxj J-sej (_--C (jj-J 4_ajJi_-U (jL_ .-dJj j_«j 

4j<.g ■» 4_jjL_j_j_- 4_j_a_? Sj-L** <JL>. jt_oVL jt .L^-^LJa .-jj IUU 
4 j ...ilLj a^Lc\ jjljJI 2 j«-i_«It Jlj\_JI (jJJ L_j_u Iju* tjLa (j_aj . j___jJI 

(jj-J __j_-i U.i ir-ij *_jjlL_9 La 4_j_»_J (jj.Ljjlll 4_3_jjj (jl_J ^ 4_oL«JI 4jL-*lt 
. 4-JI a"--l 4JujJ_u 4j_jjjs 

4jL_>.yi j_-j Vjl Jj_-jJI (>» (jj-_j <-_Jj__- S(-JL_4-1_-VI £jjj-JI J-* La 

ji . Imjj }LL_ l___l_. c_.jii_ai 4j_-JI lJ-jL l>j_ (jj_a <___!! ajujj 4___,j__ui 
Sj_-Ij J_ >jj»jjj S-j___- <ujjj (jjSi (ji (j-U^j) discrete (lj_i-j"_.) }L___u~ 
A,n (ji-Jj .n JjJjJL 5jj 4«a un 5j j <it,l JljjJI <j__J .(^j_i.Vl (j__ I 
Jl jjJI (jt _>_> j-_Jat . n 4_jjjJI uulj un 5j_j-ai 4JI jJJ s jJ_>LUI Sj-c-J.1 4_»_u5JI 

(jj_j (a-JI Sj-cL- (jL_ . 4* 4JL-JI (___ 4-ajI-jJ.I (jl (j-sj— ijj . 4jjLjj_j. 5jj «.U 

: "U_L-_JJ L-jL probability amplitude JUl».VI 4j___ __.j__ .(__Li US" 
A n = < u^ | W > (4.7) 

J-TLjj jjj-ic .(4.4) 4J-LJ.I (j-a ^-j-Lj-JI JjLJI l-oJjju *LcJlI__L l-J-J 

:ja X.n j-LUJ Pn JU_».VI (jl 

P = A * A (4.8) 
n n n v 

(jj_j __-JI ._-jt"II 4jjj_-j £jj_jJ,l JjJ- lLkjL-_>J (j 5> a. U CjLjjS-J 4 1 1 n i 1 L 
.Sj-. . X Sj-j_UI ~Uj"lt 5 jJ_L-U Sj.jaU 4j| jJI U^ (j__J . Jmi o ( ?nU l__J 

4JU. oijj. Ijjj . continuum 4l.^~a 5I.„I,„ (___> (jVI ^-5- 4_>.ja,,iU X («j_ 

4__sL>. 4j<w_. -j->.J JL«"--I (j£. lJ-SjJJ l_-_ (___ Jt___j V «jil (jL. ^ " ^jU-.t l 

ejjikU a^i jj_>.j P (l) dl 4_jl*-j-I «j-t JL_j ^j_>.Vl 4j_jj . L- 
-_)jj_i .LaL*j 5j j«"iU 4JUJI ^Js L*_j .dX jjLu_JI (___*L_-JL1 (_jjlU (__- I j ■ j*> 

:"J_|j_JJ L-jJ- A (X) JUL>.VI 4j_-, 


A(k) = <u^ | ^ > (4.9) 

:___* JU__- .M ^L-" _)l -J^Li |<u (j_j 

P (X) = A (*.)* A (X) (4. 10) 

g-jjt .J_-jJ-UI < rtjUtl Cjlj j nll 4__Ui.l -_1 j <i<ll UU (_-__, 

.continuaus J____« j_-J *j_>.j discrete ( J ■ ~ ^ - -») jj«"ia <j_>- ,_---. l^**"-. 
(4.9) (j_-J_L-tlj o ,0-U o^Jl^ols.li-i (4.8)j(4.7) _j_aJ_L_tl _,L- 

.J____tl *>J1 _> (4.10)j 
__Uijj-_Jlj 3 i< «i 1 1 ^jLliJI ^Ua^i (TjLi. 4_-jl_ _, » ; '_' <-_JIj Jlj ■-■ l-JLu* 
(_H.Lj_SJI clj-wj (j__a i;t__-j_ , l jj___ 4-aj___II JLw <takl <jj__i ljl_a :4JU__-- , I 

5 j — 0 o^j--— 1 " u j } ^ n **'---• a Tj""' er— Jj ■ <->•> ■ t lj 
■3 discrete { spectrum (J .^--) jja*a . : u 

3 jl «i tl 4 -»■ j 1 c ; j-j~ __- J-_»-j <— iljUii->V 2 /.jb. :t I ,______,j___*, jl_1 

c_L_> l_a __Lc. ■ jl 3j_iLi_4 [_^Li__JI juu 5_j_>.jil LglJlj (jLa I jjj . j *;tl 
c_j_? Lt :<__1j L_ ___•_! _L_)>I $3jujl>JI 4_j>.jJ.I -JljJI <___ U_ . 4_j_ <ul_ 

(__Jj (j-.l j iill 4 jU r t_i_f « jt_j__» l-_jL_ .5 j__L<_a _ H ,U-_I _L- 4_ojl__J,l aJLs. 
jjU" j_ij__ .<_^U--JI (jjj 4_>oL_l X.n 3j_j._J,l 4____5JI j__Lj Un 3j_i_a_a 4JL- 
lj_t> (jL) Jj_-_l (__j_jJjj . j__>o_jj___ "LtaUJ. L__J-> ijjoj-ll J-a 4_j_>.j_U 4jljJI 
_jf L_jjJ (j_a i-)l i i ..V 4_JL_!I (j_a I j j • < ljj__ (j__-___j ' j <j *H C-Ljjyi 

J__->L ._ltj __!! 4_)L_oyL .3j_-Ij 4___>J (__ 3-.-^ L*J_ ,_j V __L_L_JI 
^oj Jl—a j-»_. lvL_a L_>jL__L Li_ L$__a Jj»L«_u ___JI i L_plj (_^L_Ltl 3j__e j_kj>- 

_-_J .4_j_-_ LL____ ^jJoJ . 4 j <|<II I ■*■ aj U '- * JJ?J *rjL»JI (j_a 4j ^Lj__JI 

(jjjjl ■ U t t — j_L-d ,1 t '■■* < ^aj ". *i (j*_fl L___t _>--J . d— __._—_— . 2 ■ A . ..1'a 2 .t j Ml 

.£>j£lj Jj-L_. 


,ju(Lcul i nj^j 5jj <^-»i jVl <»-JI KjjIS Ll<i __£jL,« -«-l__jj j«j Jtil 

j^jiLl) ^ j ... -».11 5j„> t~ a —jLaj U i a <__—_". j n t * 1 1 j . .t j -_jjl pj ■ ..-«-II JL— - 
- t~l _■ ** ■ -I J_j_ Ij-JJ^ i.mnl • • ->"' _)! (j^ «ij l-jI_l__IjjJI _jl jjja j«j_jJL ' ~JJ 1 — J 

— jLaa-i_>JI JJjlj jj-jjJtl —jljj Tr"ia j-« JjJjJI (__-"• J (j-^j-' lt^- 1 ""'* " c ^i^>" 
~L~L— . *>jj in \ 1 i*-iji , 1 o * t" L-_j_<< „1 ,j->Jl "L3__ (jl (_,jji 1 1 2 ^ j t\ '■ 1 1 ^^jj Sjjjt>.jJ,l 

(4.1) (j^jUJtl (jjs o^l j-j.-jj c-9j-u, .4 j. .njj.l l-jIj-ulUI udJj j-s - ^J-- 
0 : uUJj-^VlL^ji a Jl(> j 3 Vl^ o r ,\\JiUA*j±*.&A^(4.2) j 

j-__jJU CjIj j t"i aj "L__L>JI *____ J_». JSJj „bj . „ ->. JSJ Ju». f__ljJ .(j_^-L*J.I 

L-Ajjiil (___jL_JI (l_ij .*-<ll J__L>.) j-LJI (jVI ^« «jj .oL"l__J.I <__a 4j "l__L>JI 
J_J >_-_jil l-jIj jii, __L- JaL-UI ,lj__>.j Jo jl (4.4) "J.L-UI <__ 
(4. 1 0) ^\ (4.7) l-j^jLUI JJ_3 . (M -ill I ju» __)j l-L___,l .cjI ,,,.,■ y \\ 
_iL_ ,(4.6) SJjLtlL <a___ j-i-J.1 _"_---J ^j_j_>JI jj,<<ii" JjLI- (___j .jjjj>j _ij_ 
J_CJ c ____.l ^ _Jj_______tl (_JI o - ■ ^ .1 teJj^-JI 0^1 crJ-H ^ * * g-li 

__]j "ujj3j___ m-j Jlj- "5/ Lul ____ L__j1 L_> j_u_j_JI l-_-_j -ij ... r t l 

(__aj ,spin angular momentum (____JI lijljJI _J j_-__JI 4-_a_; _UL__JI 

__Ljjjj_Jlj l-jLjjJ_J"5/I Jjj_> (jjs CjI <1j<m-»- -0<i~a" (__jJI aj-yjaLjjJI 2_l__L>JI 

. JL_j L»J_ Spin (jJj-JI L-_UI (j_: L_jjL>JI L_U___j l_3j__j .L_)LjJJjJ_Jlj 

L$-t F dJljJ JL5j .^-laiJI J>L3__--_I 3 jSLa j-juSj (jt (^Lj-- U jlj-II (>, 
((L^__(» (jSL-f Ijj ... , , Uj JIjjJI (>- n "___! (__I_i- >^j-<--?-' ijj*. «jL_- 

: *JjL_aj LlJa JljjJl ,_Uj ^jj 


iSjljUl ^JJ SjjJI o» 


+ C u 
n n 

L$_i u^ Jl jjJI 4liJ JL3j . i^j-» -_L__- jj_o (_£-*j C l_iIj_JI _ 
I ^t 4jL___; j___« <J l_l linearly independent UL 

._$j-_.^' JljjU _____ >_^_u*__' 
jl __Jl_*j J_3 . U__-L-3 _jj__j_~ 4 j X 4___>L_- 5j b »« 4 gjg j. 1 ! j i * f I 

ji ojaj >_o--i 4j__U _>_>. .nondegenerate 4l___« j_u_ _JU <j__ ^l ____s__j 

Ij-u-J I < j n. -w l_$J jj_JJ ' I jU-- 4lii"i i ii _j j-J->l jl _)Lj jfl - jL_JL_~ i_JL__ jj__i 

LJLcj idegeneracy J_A___I j_c «.jll _jj___u -JUJI ___.(__ X Sj^JLI i_«_JI 

L__jI (jj£i X 4<,j_II Sjo_J.I ___'UJI jt 4Sjn-w J_»L___I -jjJLs- ,j____j L> 
Jjjj Licj i__3jil I JU- Jj_a __3 . (X j---tj iL4___j_3 j-_*_> L£j--i La 4 j a < 1 5j_j_j_a 

((jLJjJjJI) jljln inll (jLa j^JI L-LJj . u^ , \i </i<;"4 . jl_ JJjj 5>x*il <JUJI 

iX Sj_i__J.1 I g"m J«l 4_l___J 5j_L«_a -JL- U_> jl ,__t ___> jLj_-VI J_j__ ilUJI jL 
3j__.LIo L*jjJ _JJ__j j__JI (j__j___JI j_>L$J JL_u . U, 3j i a[ \ 1 (j^nj^ _J_s_-t 4j___Jj 

lj___i_. ■ __un j__ |_j .Commute jUJjL. U«_i ____ 4_j-M _j_-UI __VLJI 

___, 1 a< i,il j^i (j_UII (j-; -,_ a<H ___" jps discrete (4______UI) 5j j_iil 4__j_>. ___ 

._c j___>ji__->> jOj___JI L-K ji ji .(j_jjj_-__» (jL" «yi U^J (jj__i u^ , fi -JL-JI 
__L__I j_ J____ (_Lc) __._*__- .l.j.j. ___L_ continuous _>l < njUII jL< l_b 

JJJL_- (_3 j___>jj___a j_ "i j <i<1l L__. I_J-J__ jj_- (SjjL_t__a 5J_i_j_a __ _fL>J 4 5 j iri 

_)? (j--4J ijl l "lfVI ,1 J°l j_"l l^-jjl jrClj 0<tl _,__. ljU_-_-lj . 4_-J_J 4^U___.I 

_JL__ (jjSLj (jl i(jj"iij«s |_l X, (j^j j j n U (jrt"m jiill L__T (jjS-i ______ (____- i-liJ-rej 

. [x j X 5j>oii (_i_ji (j-__j ^ ■ "i y"» j__>i ji ji_JL_- __vjj _;i '. ijiiri- jijj jM_t_i 

. [A j X j_» J^ ^ JjLh _jj__t c_jL___ -JL-JI _dJ_ (___ _dL__ Jljj V j_» _iJ j_; 


_-U_.l_/l 


4_J_LlIII ol_i___Jl ijj* 4l_>L_' 4__j___-_a LujJ _)j_o _,! _,_Uj 4jI_$_II ___j 

(_J-JL -_l-ls-J 4_jj^J_j -Jj_-t_« I ^ t j . o -> ■ LjJ 4_u_'l -j_ua_.l l_j _'L_>JI (jj-u L«___- 

.4^Vl 3>j__U 

(j-o (^-y) --___ J___3 Z, y, X 4j}__JI 4j)_Pjl__l £__-jJ.1 u-LaSj-- 
-_j__«.j_s JljJ _)J-lj r J "• ^ 0^-°-J • 5 1 ' "* "' " ^LJol Cjlj 4_jJjLjj '*■! ; i< 
4____. j_._ I ,„;., . LuT L>1_ 4jM_JI __Ij_i__1.1 ,__ l_J__JI ,.,,„. 4____j__u 
^^iolls^^. l_!j_*_JI 4^__J P x , P y , P_ 4->l_JI 

P x j x _)I*m o<ll ,JL__U J j i , „ __L_. :4JjL_ _)j__ Vj _>.Lj-_JI 3 ;< o - cjLjhS 
__s > ____V_-- jL-j-jj V ,__Lj-__J1 *-ljjVl .j_$J 4 V „;IL .<_j-_J1 j^.L-- V 

jJ-lj _-_ 4_-jJ1 _jJl_- _-JL_-_J _S_Jlj ^JJ-J- 5 *--^---^ 4_-Ju _rC, j -< II L___ 1_$_l_ 

.--^jjJj^ (u^^UI) l_.L: j VI I_u-jj_ j-.Vl 

•pj," > £-__>jJ. X __jIjl_-VI J_-« i (JhuL-l-JI 4 ;< n a 4__>L_- La 4 j <i< j i~ r I 
L___aJI '■■■■-- 4j_j__> 4___ l_iI_ 4j_-Ij__ Jl_»__-1 L_>l_ujjj LgJ 4-j_>.jj. Jl jj Jl»-JJ 
,p x l-1j -r~,ll 4j <i< 4_u_j_« __-_ *(— _-JI _>___ < i ~r ■ ii ijj . X 4___l_- 4_«_j_» Jj_v 
(-_» 4jjT 4___ CjjJL-. ij-_L-)/ lj__ _____ _)! -c-__jt _v« Jjl _)-> "~J-H>_-» L)l "-*! 

____ __>j__. l__li 4_4jl__~ ^ "-jj*jII -JljJI l__L- Ijlj ._jy_j_«_J1 _A_U L__- 

^ 0 ^|V- ,„•, l-_j_; jl_j J__i <«J .(__.! j__JI JU__- _1 j-jjjj _L_jI 4 j nj < jj__JI 

L_a j_3_j __U_ I j-^J S_.l_.-r a __L_)^___ Jl-s-jj _>_J . l*Jj____JI 4 j <i< J-jjjJ _)-« 
___.lj__JI £jjj_J1 _)L_> !_l 4_l I -> ,i->lj -■ j ,<->! J__J .4 mi«)1 i<i II _*__- _)_>j t i i „ 
._>____JL _)„< «llj i Li__jj__ _)J_->J _)l JLi-* _Jj_t_JI 4 jo< __jjJ (j! & 1 Sj ,<-> 

jj,..- _____j____ jj^» j_» jjjjj jL_____l _>_! j ~ -j .__Jj (j__. (j-oLL- V 


-Sjl9_JI,_IJSj_JI,__ 


,_-l___-J JL_Uj <_-_II jj-ii>>3 CyLu . (____-j_.il) J-i__II Jj— «-_slj___i_l 
Cj\ tjil _jU", ^1.«-, -_l jjjjJJI 4_^jWi : _-JL_JI j___i!l <_k: X _-_-jil 
l _____ J _II X" 4_»j_9 L_-ul -rjj ,<X> _>---J i 4___-_j_II X 4__j_> i^i.ti 

5__>.lj 4_«aji Jj__ -_;___$. _ --L- _____ __jj_iJ (jL-C lij '(j 5 -! • <-^> (jS_Jj 

2 

X (4J_ _j «_». (jLa i X 4_a-_i_i _>__- (_>£. 4jjl_*_« JSi j ii i n"i (* , mt i i X 4_u_L>. 

. < X 2 > = < X> 2 4JUJI LujJ _ij-_ («j (j_,j . S-LpJj L__j| _)jS-i (_flj_-_ 
i__*j < X 2 > _)l -LsljJ -Jj 4 i ii i (jSLsJ _;j_».-l __L_jjj_JI _j «.-«.l 4 n.iilLij 

2 

X __3 _jjj_J1 4___ <_-jl_? I jj j_l_I _)jS_ _j : < X > j__?l (jj__ 

__jjljj . _L__L lj__i_i_ _jjj_JI _)_> IjJ Ij_ljS jjSI (jj-J I i -j ■ i -j-_J - — ■ U I j 

: «_OL_!Lj __lj__i _l _jj^° __-_j__ jj->- 
A x = \| <x 2 > - <x> 2 

i t iMl Ax (_i«j (- <j ( J-Jjj-Jl <-_ jl i u" i 'i >LJ 1 j i i - _>-! j ĕi - l__-oj 

. L__jj_ Lujjj 3j-uS_l Ax J I iij ,^-> _«jjj_ 

<__l j__l jL___ _ I L-SUj 4_o__- 4__=-J <__ W 4JI_>JI LUlc I jl 

(_i _voj . _J j__UI 4 j.i< <__ (_JL___ .1 _jjj_JI ^l".r. I..I L___u US ( Ax 

4-1 j__ --j_jjj_L_ 4____jl U <j J . A Px (__lj___i_l _Jj-o i U i nj-i-a jJl>. jLacjl 
: 4__j____ 4j_ _1 4JjL_II J__j ^ kj^y* 2J|j 

Ax . APx > -j- ti (4.11) 

___ _n-_4_*_JI _>£. IjLjO- f jll 4_3 jjj <jl <jS_4J U lj-_- 4jjL_il eJJt _J--JJ 

((z , P z ) j (y , P y ) (__-_jjL__U 4_^L___- 4_.jl_- _j_i__ _Jli_ .4_1_-_JJI _,___ 

U-liJ <j_J . 4_J_Li_J! jji: _jL___I (j_s Jji-I _ljjV _7j--l _jj-> -JL-A Jljj _j 
Jj j , ii (___. Py j X _>_. I, > j ->■ (jll 4__Ij__j (jl (j_-«J La 4 j ii /\ \ JjJi___ (jJLiA 


(jrJ-aJ^UI ?.l i o (jc j j t « "ill (j--4JJ • (jl * j IjL-ij (jO j o^y II (jOLfc (j- 1 JL_il 
l__fc (jjJU <_3j___ L___Jj .— jLj____JI (j» ~-jj _jV LaLaj 4-aL_- i_jl -»- lUino ) 

(jlll l_U_ ___>j . ^__JI K/iKj a __a L-jio jJiCi ijj->.! (j_>Li_ "_3}Lc __>-jj 

(__ic 1 Ti i n*i L__-J . (_n_b}UI !jLua J__i j_>.!_j . (j-ajJlj 4_-L__JI __ic J o *i m,i 

j ■ ■■ ■ ■■ '■ L_cj . .^Lc! "jjljJI — j •\j jjt (j_3j^UI — _L_)jLc (jc 2__L_i— a 4_u_>jf 

4j-_vjil 4_JIjJLj l<j ir j-±ju 4JL>. ___3 __.j_vjjo "L_5jJ__J.I j! _>_3j__-l . ljufc _>c 

_jjj_ -JL-JI uju_J (j3_-L_, . t = o L» Ji__Ij_jI 4_J__>J _> ^ (x, y, z, t = o) 

»-jj_- J__ J _ u j_ J _o jj_>. jJoLuJ! __Lc >J-J __>j_i_ij . 4__>U_JI ,___ La __JI o ' t-l 

j j «Ti i_3»_u X L« _>~j ->«.'j - __">! Ull jjjjjjl __J_ jl iVj'tl (_>— _t— j AF, i_aljjtjl 

4_>.jJli X j j V ir-t _yoj JLLc . _-iJ-J ejll _>-J " JL>JI 4 « j i U t 4_i_«.jil -JljJI 
■j-ajJI jl.> " o _j_- JjL__J jL_j Ujjj . Ij-tl- 4 j>jjl -JljJI j j i""t V! . *Lj_sL_' 
____£ U.C 3__>j__La 4_>.jJli Vj! 4j_>.jil -JljJI _____*_> (jl Jj_j "jl ■>» "■'■! j-jMJI 
i nl" ^cj» 3jLj_Cj . X <j_ajJI lj-_ (j-LjJ . 4__jIjl1iVI 4 jiajjl 4___=_ill (__> 4_i_C 
4_6Jlj _4_uJl__j (j-_4JJ 'JL>JI 4_«_i_i__j 4_9jJI 4jJl_c (.-.ih jt <("__> j_*i- 4_>-jJL> 

1 ij-OJ! (1)' -J^-j _-_j_-_j • >Ui_ 4_jjJI ,-L__>.j ___t J_.L___- L_a L_c_ (j£J .j_£! 

.(jjL-JI 4_JjL_j __sIj_j_-'_'I 4_sLL- --Jj-a ■ U ■ ■ ■_"■ " jj->> -_a i___jj_a 

l . AE > t (4.12) 
. 4_L__JI - (j-ajJI (jri_aj V 4_0Lc 1-4-! ___c LL_>.i 4jjL_!l «___ jLiu 

JLpJI 4 «j,U, ,>ajj| (jt _JJ_ . I_j___« ___J ^1 _JJj ___c L^jJI jJiJI (jSJ 
t_-Lc I JU-> J->-_" L^-iSJj )(j-ajJI -_a j j «"t l_4_l i~m -w jj-o 4 j^j aL-jJ 4 j o^ 
. _$j_-f *Li__! 4_i_c t o "i «~i _<;jJI J rt" . n II jj«"LI (_-4-> ' 4jjI_ 4-L«_>.j-aJj _5jLc 

l.-U^M^ (j-Laj ___JI -jL-jiai __J_i-i JU_».VI -jL-jjjjj --i^jil JIjjJI Jia 


< _ J l 9 _JI,_l!5j_JI__ 


- (jU _l (jj_ J->-^ U^- 4 LH" «J—iU-i J-i-JJ 4___ij (j-«jJI • Ij—J-J i (I fluil j"t) 

(jj. (_-jJI _J-<-) (— >JI ^.''^. " jjki* (>» 4_JL_____'I Sj__ 4 jl r ^gj m* >L_ 
Uj'q (jJUl--VI jl i h*'iVLi *uU*JI "u_-_JI (>- 4_>lj_i Jj_U Sj-j-." i_iU_l _j_j.j 

SjjiUa L>__'jLi (4.12) -JjULI Jjjlt l-_*JJ • (4jnj «i-»tl —jLUJI 4_Jli (jlTij 

. "lSjUJI _j}LjjL*JI *j_- ^-3 ,__ U£ 
"JjU_- j_>.j- (j_.U-_Ilj 4___-!>L»_J 4_jL_ 4_uLj_j_> "_j___' J_J 4_l L__ 

(jl £__>ljJI (j_«J . SjIoLLI SJ-l-JLI JljjJlj i njt-itl _____ 3j_u_LI 4 oj*lt iiiu 
JljjJI j ;" •"' L_U__> . Sj__Us "LjjIjj_i_» 4.j« i»! Cil j U_l j J_- ,__ Sj.j«LI («J— Jl 

(^U-SJ -__,j_HI ^.L-JI -__l o -.-.I jujl_-_ ,__ 4 j o l_I j S ji-LUI SJ-h-LI 
(4.7) (>« l_'_ , _.L_LI jJ--l} ^ ^jJc-UI -JL_ lu^U ^U^-iJI 4_j___JI 

4jjL_« jUl_5 1 ■ .. I '.'ila ^ .. I . St l 4_SL»_a 4_uLjj__3 4__l__> -a l Ult 4____i!Lj 
i__j_ L____>j!j i Jlo-J ^jin-». 4JLJ - (4.1) 4J_L_LI <__j - Sj_j_jJLl 4 n jStl 
(j_L»j (_-JI Ol j o< tl ,j_- I jLa (j_J .j__-_1 jl (jjo j (j-« 4_-j___J. <_»__ 

4 i ,___ Jj____tl I JL_ (__ (_1j L«_l_) j-_j_ __j__ 5(L^__L-_) I g*ih -w^Ua 
(__JI (JJjljJI _Jj_*_J1 4 j„<j .(ijljJLI LijljJI _Jj_-_JI 4j ,<j <_Jj_*_JI 

___U. (_!J ; 0 _U__I 4_5U_a 4_uUj_L_ _jL_*_' UjL__L -__L_Jlj .(-JjJ-LI) 

-j"al ,'_VI _jUjj_>jJ.I (_>_— J 

_Jj___l *mi<i "u >J _j__| c-USjaJJ - ....:» . 3j__JLI "■ ."I I _j_*_L_« __jj1 

•.(__ P x 4j_j_aJ 4____JL 4j_ULI .JULI J-Lu- <>. . Ij_>. 4L-,j,„i U-l P 
- it. --- = P x u (4.13) 


4j)_j3jKJI _jL_l_CjJ.Ij- . tj^-^S?! iry-i^ «II (jl_l|jLv« (jL_d_L»_~ __L_* 

Cj^L». (jjjSj JjjL». jL_*jj (jfC «J 4j| ^lui .4_JjLjj l_1 j_s__JI 4 i «<1 __}L-JI 

(4.13) aJjUll .^■■... l. .j_Tl-JI J*-ujj .i^LiJI oL^jJLI JSJ 4_j_T 3j_^ 

(«_>-JI CjI j 3jLi_wjjJI 4JL>JI (j! (j-a . uJj-*-? 4jj_ujlS' CjLSjJ, 2 . L^lj-J-uJ 

(3. „',--* 4jM_J1 ^Lj*Ii.l CjI j P) P z . P y . P x 4jjV| Sjo-J.! 

u p (x, y, z) = ( ) 2 exp (ip . r /ti) 

(4.14) 

p. r = x p x + y p y + z p z 

JsJI .jjj L-b j_<- f J-VjJ 4_;__,Vl 4JUI Jjj ^JJU-JI Jj»L_J.I <<u 

4^ iy>3 -^j^j (4A3) 4J_l_ai UjT J_*j JjL-JI 

4. j«*C j«-jL_jjj . 4_-j) o i ii a p 4 j«<l 1 4j}L_1I _j1^~»-'U J£ (j! (jjl : SLiSLo i*m njl 
. 4_wj<w„a »--lj)J.1 JS (jjSu i-.j-- .T *___jjj.l Cj1j«< «_« 4jj-aL>J| a juk __j_-tuJI 
."P La 4_l>-3-« 4JIJL1 Ljic. j-iju 4JU- ^-9 Ljjl /if,l jLjjj ^j i.i-»J1 (jl (J-5J-I-I 
(4. 1 0) j (4.9) (j^ jL-jJJ L_jL SoJ j_-__JI 4ja_: ^-Lil» £-l_j j-jjjj Qj fi >'« I jLa 

i^-a ju__~_m 4ju_j ijj)Sj 

AP =<uP | W > (4.15) 

l_ij___II J__>l_w ejjJj-jJ 4j--_JLj (4.4) 4j_L_ftJJ . 4jjLj 3j-« . £_»jj it.jt. 

:,___& l_Ij_*jJI 4jx_> J1«"i--I 4_di_J (jjSu j«j (jjjj ,,»*>Lci JjljjJI u mljnll 

P(P) = AP* AP (4.16) 

(__-_»- ii_Jjt'iII 4 j o*s j j i" 1, a La 4iilnia (__1<*. L^ULSuj .P (__, it « i 

(jjs (jjSj Lajj .4 j 1 ll-». 4-jjj_-__t . 4 nUill v_JJj (___> l-Ij -r~ll 4 j «< Jj)J>-J* Jl <i"i--1 

<_jL"j_ , I lju_a jj)JL_- (j-»-_5 4l«-_ (jS-«J La Jj___)V Vl__« LL* Jj^jj-i (j? Ju_iil 


_Sj__Jl v _JjSj_JI 0 » 


j__J1 -_j_L~I 4_ij-__ 4JL». j-j__cI ..Ujin J_j__ _-Lc ._jj_j_L$J (____}U1) 

4_jLc _-<-»->- J_-4-_I 4___L_- 4 j -wj_- -Jb jLj-ii-l (<u Luk .X j_5__-JLI JjL ___c 

- ___>jJLl -jl_i_jVI -_#L_ __uVl JL>JI _JJ J1_J __JI CJ-UJI (4-_jq-_o) 

:t_Jj_*_JI __u__ 

^ = N exp ( - x2 / 4 X2) 

A. j -jcm^jj _JI -•_-=_-_ iijLo__l normalizer lSjLj-» _LL_- N ,.,j- 
P(x) = ( X ) vy (x) : ^x ( >j_^VI^j_4j| J .^ J L^i^__-| J L 

i__lj__j VI J_J-« 1 Ir» 1 „jl_- 4___l_-J ,__,__i_-j_J,l 1 M*i V- JoIjm nil J.,„J _L- _>- 

(4.16)j(4.15)_n_J_L_il r lj V -■ ,„L. Ax = \y_3 T u;ll. _-_>jJJ ^ 

■ U . ,.j " a _L?_jJ ^_j (j_aj ,_dj_a__JI 4 jg^ JL*__- 1 _jjjj 4j|j ^l" Ti 1 nl Lu_jl _jU~ ■ ■■ * 
_)j<o __J JL)J . AP X = tl 12 X (___* 4 -f j mII .__j_a__JI 4-l»_ (__■ i_fll jjej _ I _Jj-_ 
La j__j ,A P x A X =t)/ 2 JA (_J j_*_JI 4-;___ __.| jL____l __3 _1 j_JI _jj___ J__»l_- 

.(4. 1 1 ) -JjUJtl jJiul ;_j__j-i_4 Iju^ 4j __»__j _>__«_- -jLjjI J-5 _-U_ _5jL_u 

>»lt ,!*_-» 

o-Ue s ( 4 -13) _j______i 4 j,<i sjh_4Jli a oj 'ii 4j_i____ __«:__>. 

Jj^a ____ J__JLi L____l j__J . 4_JI_J| jjt- inll ___i L4I JjnilJ . I (j_=j__ 
(>-j .<-_.lj__JI (^L____VI __jj__J (4.6) jji .-„l_ (4.2) __*!:__-_* -JjL__, 

fu__JI -jI ,„ ^ihi ,„•, ,4--jh-,nn V -__j_>.__J -JljJI _____ 1-1 .j-j-_--I 

.4_i__l j_UI _jLj___JI __Ji__JL (expectation values a___.___U ^j--JI) "■u..._-,ti 
(j__cj <__II X ___._JL1 4_j-___J < X > J____j__JLI j ■ c I ,_ K .j____kJI 4__vj __lc 

:_,! (4.6) -J.LJI __« __Jj .t (>-j ,___ i^__L_, 
(i) < x > t = Jj | dx dy dz vy* x UJ 


__s jjj_i 4_i».jJ,I illjJI __jJI £*• (4__j_J) 4_ll_j_>I 4_j_JI eJJb jjJ_i 

i -. ,„K < X > 4_i___1 4_ii~jJI 4____1J _— *_ -ij-^j-' _— 0 _J--Vl 

J_>_ljjj___ 4_JjL_i 

d<x> t , ... * d 

m -_r- Jjld *Vz * v 

4_>>__l lj<j.„>Lg SjJ^Ll^ _>.'■ _Jj_*UI 4_l«_J x JLSjJLI 
LSLjjLSLjji ___i Px 4_»_j_!.l _*j__JI _L Sj_j Ijlaj Px = mdx/dt 

:<_*<_-! 

(ii) <P x>t = jj|d x d y d z vp* ( _it, i_) v{/ 

lNj-- iP z j Py (j"Uj_- VI (j\jjjjjjl_JI (j_j_j_«JJ (jL_iL«^ _ _JjL_a JL».jJ 

•t-llj-JI _Jj- z j y __ll 3i,„;1Lj (j = J___L_JI M-Cl/>*j 
L_ u p ___ i__.jj.ij (4.15) --Ui (> 4_j_;i A p ajijji r l < >-„..L 

(H) 4jjL__J 4_j__> 4j_Ll__Ijj 4_*j_. _Jj J-_ (4. 14) 4jj_il l4_J j_ 

:^_j(4.4) 4j_uij 

< P x > t = ] 1 1 d P x d P y d P z A* P P x A P ; 
JJJ dP x dP y dP z A* P A P = 1 
2J|j 2 i. „ -ti ___ __,_ A* P A P _L L__L__-I _l__ jl_il _l_L_ jSp 
_J_ Uijj_3 <«- (4. 1 3) 4J_I_J.I _f ~°^p> ' -1 >--- , JL__-VI jjjjj 

. _Ij__JI 4ja_J _jj.<.a 4 <ij4 4j jl_4_ ^jlni J— J 

L» __* (ii) ajjLLLI (j-i (j-«jVl l_j__I _ja (j__j-_ _-U 3jjj>.jil 4_i_i_JI 

L_ 5jl_L_ ___ 3jLj_, jjjil iLaj <r j ._!j__JI 4j.»_ operator jjj^o _ i ■ 

3j_L_l _j_j 4JUJI «__> ___ . L-iOj*- 4_1__« 4JI j _L_V f 4j|j _J_ jJ-hJJ 


cSjl^Ul^jSjiJlo» 


_j| jjjJ.1 j-i_)_ . ( - i h) JjaL»!! __a <_> j__>l £ , x <_JI 5ji„;tLi f J__-La :___> 

Ol j <jJLl _jjS_i I"' J-j i ( i_aj__JI _}J-_ J---JJ ~ <La}L_JI _--j) tilde Sj-ii 
: ^Jt _J >_-_!l j_ji -j>__I 4j>jjj-_I 

+ a ~ + af~ + a 
p *=- l1 ^' p y=- A 37' p * = - A 37 (4l7) 

4JIjJI _, U._, 4_.La f 4_!l_ ^t __lc P x j_Jj Laju_. < JIHI Jj^__ _____ 

(5jj__U) 4jjI jJI 4_>_i_JI 4J_L_a 4->l__ _>___> I jl^jj . g = - iti iSj-- , g 

_ " O X 

. P x u = P x u Sjj__JI ____ (4. 1 3) _Jj___l JL-SJ 

JljjJL _______ U* -CH *L-i__j_'I (jJJ J-Iaill l> 4__jj__J1 *.__£> 

La-___ . Ji__- _Jj___t| 4j.a<H X <U-jil j-L-Jj ._Jj___1 4j__ jjj\l 3j_j__U 
. LJ___ 4 1 n'i i ii a 4iil'V« 4j|j ljU«') jjjj 4jLa 4^l_j_i-1 4jlj __lc j-jll jjjj 
ill i__j_>JL> Li_> LgjJI jLiu .__j_>«j 4_ui_J 3j_ix_a 4j|j ____. j-JJ L_>___ 4 I*s I 

5 ojnll jj- jJnJI _Uj . JJLC ___( 4jjj i^< Sjj-ail 3JI jjl liJJj — > Jj»j 4_L_ 
jJoLUI jjjJ.1 _ojj__ La 4_3jjI_j (jSLaJj . j-L_JI J_«J1 jj- lju_ .P x 3j j «i U 
j_ B _jL_> I jl . -3 j atl 4__j_JI -Jjl « a jM___j <«_- . I J _>S-«J La 4_.a< I 

b __j__- .B u = bu :5jj____JI __L_ _,j_Cj 4J_L_j_U _L_ Jj___ - >j>U 

U [jj ,Sa] _ijl_JI _,,.,- J_- L4J Ju>.jj b j_Lal jLJJ 4 aj4 J_j .j-L-ljL 
(_____jj . 4-i_>-l i^U 3j j «i 11 4JIjJI __j_ U 5JI jJI _)J--ij '.5j ja a 4 n j 4 _)j__ 
_)■■! j *t 4_vj____JLI -_>!' itl <__> _)J_J 5j_i_aJ.I (*J-_JI _)L-i ___-__- _1 ■ _<'' 

.4j_Ljj_JI 4_u__JI 

L s !.4jj_ujl<JI _Jj_~_JI 3j a<-_Lu-jJLSj_-LUI --lj-jJ.1 o^l L___-Ij J-3J 

Jjjll JJJJ .JLill (JuJ-- __Lc • ljJJ_> J-u-ot (__^_ £J_»ji.l _J_J_J_U 4-U3— »JI -jljjjll 

i x f = xf _jt ^t : x J..J-ULL ot j>^J. f (x, y, Z) 4JL iit _,!_. X 

,__j_wVl j__-jll _jL«_J 4__i_j «(_-_]! jojj JjIIjj 


^l l<J j^JI j-^jll oLj^SLI 5 jJiUil ol jijUI o^l L-3j_c jl^J 

LbjJ ilLkJJ 4j milli 5 t5>>-Vl 4_uLjjJJI ijuLi^JI ^yi liL»ja . L^Ljj ^jSLcj 

L$J .■ < " 'i V (Ojin-w 4JLv (4.1) 4jjL»JJ ^-tkj !Sj_i«J.I 4ojnll 4jjL>_a >L»_fl 
Ja-aLs. . Ij^j . OperatOrS <_jljjjll ji_j 4_£9-j (j-a l-jJI jj__lt . Jj__ji 

: E 4.JSLJI 4iLUJI 0 Utj ^---.jllj 4_j_>JI <_-^U_> j-*^ 

_L (P 2 + p2 + p 2 } +V (x,y,z) = E 
dLl^ Jl > i-,„l 4J_-L___v 4_aLL_lJ ^j-aSUI y^ulSiU j-jJI jL*j)7 

4_j_aj_»Sj-| 4 j<jlKjl,l CjI j-jJL 4_-jL_JI 4jjL_J.I 4 j<j ,„>t£JI L-tj_-*__JI 
3j__,l_ua < ^l ■ 4jLfl Lo 4JIj (jjil. jjjj _£jjl JL^sJI 4flUo jJJ-a Lal .SjJoLUI 

.V (x, y, z) jI__Uj sji jji llUj 

IjSLAj 1 JjuaLaj ljJ^ <jJj Vill 4-i_i_> <__1jjj_a J «" ,'," , 1 iiM*llj jl l3+<-< L«_> 
(ljLjjjJjjjL*) (jj_LaL_> j_j\a -JjLtaU < ,,-»1,1 ^liriLajJI jjjil (__-=. lJ^K.' 

5j j < U 4 njMI 4JjL__« (jjSLi I j_jj . (~) SjlLJI 4_«>L«j j_iAJj Hamiltonian 

:<^4_3_L_1! 

Hu = Eu (4.18) 

t, 2 r 32 32 3 2 1 

H = - — \ + — - + \ + V 

2m l 3x 2 3y 2 3z 2 J 

LjlcI Jl_J .'jJ-LUI (5>J*il) 4_ijljJI 4o jSll E j (S>j-wa) 4jjI_ 4JIj U La 
(jj~l j aU j_j-a l5^JJ '-^ Lj-_jI jVI l£j_ j! Lj-SLaj ) (4.1) 5Jjl » «11 4 j »11 

.^LajUull 2Lo.jJI -JIjJJ (_-_ajJI jjJe__M («SL*j <tjl .(cSJI iSLjjlSLui jJa L__L>. Ijjj 

t^^j. (jjlljaLt jjj* 4JVjj (-ISL>.Ij l-jic jjjlj ^,111(4. 2) jj«jjjjji, 4jjL_aj 


vSjijjiji i^j SjiJi __» 

= it. -L-E (4.19) 
dt 

Sc.1 jiijil (-jjj--« ,>» «M>?-f lS^ L° ^LSL^-^I 3j_G- JLioj <_JI -__L_.)fL, 

_jl j--j_- __-Jj-_--JJ .jL^lj .j__L_J1 .j.. £j_. jj_ (j^l _________ L. ol 

3 a l Ull . 1 1 1 <La_i_i!l -JjLl-o jjl _>« .j ii -r ~ 1 1 I i <ij i__Jj_3t_JI - j o <j £_l_>jJ,I 

-_.j_-____U Sj-j-UI 5 i.*" 2J-L--- j^, VI 5ii* (__ (__ Lfc> LiIjlj (>JI (4. 1 ) 
ji, i ... l; -__L__U niM^JI j j «"I I i>« £--j j-j-*-^l uij ! u j" ' Ij a -* >\$-*. 

JJaj 'Ll-i j 1 ** CjIjjJj» >_» LajJoLij L_u L__> liJj-sejJI 4 j n^J j__i»jil CjIj j i'i a 
jl . jj_jjs pj 5 im.IILi _1j-_- .-____. 3jj___) LaLjj 4-^-j-i- irt (4.2) -JjL_il 

• _-«-> JL*_« j h i l jt iOUiu» -UC j n -^ l 

. lj...l ,_ _>____. (^j->-i luLlaSLI 2 i inilLi Ij-jJ.1 ^ja .~ (_ic I i t ■>- mm |j__> 
^IjJ^ ,-_jj ._,<j t j ... V. UJ c-UI -j! j «.<H -di- J_.Vl .____. 

-J^Jlj LSLj-u.N^ 1 _ :< * j-l-j l___ L_ _-uL>jJ. -_t__? j_t__-l .(-L U_> < *._<.«"1I 
j_L_L_il (^l jiijUi ^---^--.1 ,-- .-dj-^-.-Jl -_-*-__-._ j-.bjji oij j ; - ^ 
. L^I _j__Lii1 k^S.\\ -^Ij-jJL _dj_*_JI -_j___j j___.jJ.I «_-lj-i_-_- JIj.imiiL 

______ L___-L__iil JJjil (jr^ Jj--— tJJ _jljJ<__-JI .___> jL»_jL J^-*- 0 .*- 1 -_ij-— ■ 

.-jjl-dl -jjIjJI -Jj-*_JI 
j.LJI <___«*_. 

j__u A Bf j j.-~" oL_- . f L_- ajbj B j A(>jj-j_-. LyjJ (jK Ijl 
(jjSLi __.j .AjjjI_J -_*j_-JI ^i^Vj («j f <___ Vjl B jjjj L-u_i_. j__j (_iJI -JljJI 
,ABf^BAf _,_£_ ( jf ,ijJ ^*_ '-*> «Lj-«--i oljjjUI -^-jjj-J 

(__L_.L>. Jj--JI uipj- 4 lts 1 commutator JjL__UI j_j__ (___! (jiiaj 
. AB-B A(>jj_jil _jj___ 


(jr^Luai! c>itp.\ >p--l jAJil J->Lj ^ 11 * ^ 

<_a 4j1 ___JI . LiU li*__jl L> <>- *±»*J j^j^U 

:_jSj f 4jjLj_i.1 2UIj SJL» 

xP x f= -i^xl; P x xf =- iti ____ (xf) = - it-x |I +Af 

-jl^jjUJJ 4.,,.;tL> _,<iirVM 4_L_ f 4jjL_i.l JljJ- Jia^ Ij-A _V 

-.iLu^l commutation relation 4JjL_JI 4_}__l 
x P x - P x x=iti (4-20) 

ot£±» <-j J--L>. oy; Jij-- 1 J-» ' - ■ a -- L, - a er* J-^' 

OiHiil u! JL-±a 4_*j__t! _>*__ oWjjj-JI _>-•' IM -u^ 1 " ^^IA 1 d. : >J--' L ~ 

_jL_}L_. a j .- v, ^ | ,4_l_,L_ 4j».j jj J^-lJ! <>• j • commute _LiJ jLp 

a \ j_»_ lj___j._J J ___l i-^j^jJLI ciL-uSl jj-^l^LSj^ u>l J->L_JI 
. I . P x j y op^l Ji- L_L_ .__uJ-Lp Py J * 

Ljj____ Ijjj ^jjj jj|J.I f j«_L- _l .oljjjM! <>- 4_J_ oUS l__J-t LbjJ 

01 uL*_^jt ^t sbjLai (__j .(_~i _l._u 2-j-^J.i 4_.l_-_ji ,__ 

4jlj JyjJo __: !j___- 1___j _______ 4__-»J 4jI (^ L. i-jli^ 4JU 

_____ 2jj_-*_~ ol j__j_, _____ Jo UULLa -jU-UIj !4^lj-fl _-.L___l__>.l 
<_-jL__-_jj ;>lj_fl ^ 4JS_ai _jVL>JI _j_-j 2j j-»-U 4__-L_---Jl ^j . J___-I__-_JI 

-_>-4_ 7 __il ^jlnT.I JL_lj_J 4jI__u CjI jjj-J «oU-tO^» _r*--J ^J^*- 3 -J_Cj__>jJ. 
____■ £1 _>-_!! _JJj Js, Lj-_C ---_____ -ji^-*--- 3-L-- _-__ UJ 4J_j>>. <«---jj Sj>xJ.I 
4.1 VI .4____lj 4j)jj ___*____. 4jjj_<, _>___£ l_0-V 4_JL_ _-*->-» Cjlj SjLUil 4___JI 

jj___ L _*___. ^jju-lL Jj__ jl 4i__*JI ^Luil 4^__JL LJL_ J___Vt o* 
<u» _U__Ut (_s 4jIjuJI j__ 4i__j L. _Jjjj . some concrete representation 
.jjj-jjj-iJ position space «j-^jil Ji^> L« 


jl__.jJ.I u " j o < "JVjj I j<j m^L-^j _jjljJ1 -Jj -» ~.ll 4 j .«_£ i_a j_«" 

___L>__I lJj___11 Ju_>L>. _jjj_- _►-- -JJ-J ■ * 13 j* (j-Ull -Jj -r",1l 4j_»_Sj 

:_jS_> ^bj-jjlSJI oLjI _ I "J_ j_>j . L = r x P ii^UJL, 
L x = yP z , L y = zP x - xP z , L z = xP y - yP x 
L__jj (, ifjj <-_j-_ X 4_iaSjJ _j>-_I ■uj-jjjISJI __L_jJL1 __JJ -l-L__>VL 

__« JyjJL L~" jlj__JLI J-JJ-J» jt '-Jjlj-l' lJj ~- *tl 4 1 11I jl,l * a jl 1 '1 r I __a 

___ 4JL>-jl («j _;_Jt IjuJLI Cy Sj-loLULl («SJI Kj'il_ ja olj-j>~ - "1 i* j .iUj.m ,*,ll 
c-jIj j , ,-,11 j ,*, .Ijujl^j :(4.19) aj_L__U * ri^l -^___Lai 

■ 4-Laj o^ll Lfi*l j-j*J l_1j_*_J1 i-L__j Ju-sj-LI l-jIj ji* a J,1j*i.m'ij 4j<j inM-CJI 
: j_> __1jJI l_j_*_JI "U__J Z "u_j__J jJ_LU1 __aj_>_JI jjjJLI .JL_U Jjj_- ____ 

:a_J__>__J1 -__L_LL> L^-c jjju 4_i_j_LI jij^J 3j-L_ll *Uj~JI 4J__u> _,La f-i 

( x ly- y 1 = LzU 

.the eigenvalue (*u*ljJI) ~j-f*JL1 "_-j_JI (__.,>u_1 l_3jJ_JI ,___ L z L_> 

_-lj (__J ._JjljJI _Jj-_t_JI 2lj_»_i J-JjJj l£J-*-' t - i ^^_A 5_jLo_9 CjIj j 1 «~i J-»-j" 

_-Ll.1j_J ^".jl. ijjjjjl-JI l_.L_jJLL. 4__.L_-JI __l j3jUI ,>_ j-l__JI J___j ,__»_' I 

• <t> < r 4jjj_T 

(JL-JLi ~_jL__a f£l\ ^ULc __a jl_l 4_i___Li _;jljJI _-j-___l 4_u__ <___>_ 

__i_- .4_|jj__l 4_^_L_I1 -jlj _j»>UI I-JLC _jJ_»jJ j^J-J (-4- '__$-_--' M-JI 

.~_J__~ 4_a_- Lu_ VI j_-_i V L$jI 


(j__jL-_a_>JI _"J_>.I _Jj I a j '4 (j_>j__J ._U_ *ljj 3 j j "i *C i__jlj__ _JLi_jj 
^ImI . ..VI _Lui__ (ji*-- -lSjIP' -Jj_*__l 4_j_a_J 4_a_aJLI <Lj_aj_»__l 4 j<j'iKjU 

__UJI <_. - j! I^.i^ _j>l_JI oL_j_JJ 4_uT Sjj^. __VL~ jl^jj V oj-iUI 

Ci injl _"jljJI _Jj_*jJI <jji_> 4j5__a __Lj_j_a _)?_"!• L <"jLj-j_a _yo "rjj _jV - 

_J I <j j '■* djJLl t->" inj __VL>- J-a-jj V I j-_jj !_i^<« .11 I o « *-» «j j-~ 5_jJ__jj 

4-*-j"'i _j| j __V1_- Vj njJjljJI _Jj_-jJI 4_u__ _jL_j_a _>js -;jj _"! (<_j_) «i_-j_u» 

__aj . L 2 -_a 2LJ_Lj _jS_ Ajjjjj-J 4jS> J- _J -OL-jJLI _-a JSJ 3_J_-a 
,j_jJ ..L>_l _-| ___ L 2Li_jIj L 2 4-j_a__J 4_jjl "j jt» _jVL>- _->-jj <LiL_ («u 
____ j-^jj — _J__ t4jjjjuv.il (j_5j_uj .(_jlj_>.j jj-se-J 4_aL__u_l _— -- 3jjj___JL 
3j_j_all 4__j__l -Jt i ,i a (jJJJ- _jj ..i .L z j L 2 _w« J_J 4_ijVl 3j_i_JLl CjVL>JI 
La! 4_jjj_r _jLj_I J_-L 1 4~ic j i . i LaJ-Lc 4 U" ,i j a _)j_j (__>j . L 2 4j-_j_ail 
.4jjj_J -jLjI J_>.l j-l.lV; i,.L ___=. |j-_«_a _)j_j j_aVl _l_ L 2 4j_a__U 4j___JL 
-^jLlill __aju (jjiL-L-L _, ii"i^ i i nj 3j_j_aJLI 4 n j"ll __V_iL_a i . "i^ i _J L_L_ I j_jj 
:4jjL_LL _, t-> -"■ 3j_il j__3JI _)L_ lj ...l ,a _,__U.I L 2 3 ,^CII 5 ...,;t l . 

L 2 = /(/+ l)ti 2 , /=0,1 ,2,3,... (4.21) 

jjjj» 4 j initLj .4jL$- VL __JJ j____II __a 4-rj-r ir-> l_lj__! j_w_i / __J_- 

: __A L z 4 j a^ . U Sj-JLl («J_JI _)j__ / _ru_a «_-a_> 

L z = m/ti , m/ = -/,-/+ 1 ,....,/- 1 ,/ (4.22) 

+ / j - / jru m/ (_a_JI _Jl_J 4.i<all j«u-JI _jljJJ / jry_a _-a_ J-J 4jL_ I j__t>j 

. 2 / + 1 _; jJLI <_a 4_ e j-___ll _l _u_ Vl Sj_-j jyLL, 

_jIj_j_Ij 3j_c njjj^j ui>_-JI jj__ 4 fl j (j_js .____ (j_sj__JI (__3 J->-JJ 

:quantized _,a'v.a _;jljJl _Jj__ill <^u£ a*Za jljJLa _,! j>a-l j_>.! .S-uji. 

_Jj_a_JI 4_Lai> jjj- _)l (j- (<-ijJI __L_ I j-_j .3_J_e_a 4_jj_a La-ji VI jui-lj V 


jjisSJi^jSjiJioo 


(j-*-* 1 jt- 1 j ' j j i *■ j ^jjjJJI _Jj_r " 1 1 4j o """j »^ i '<?> jj. I (^jjj-o oJ__j i__j_*j (^jlj-II 
■i i.,i illj _;t - "L-j o ,,it,l L 2 (<u-_ _JJ_>.y 4i inilL <_JJj _>_. ">____ ._r;li<-»~i o 

x _>-»■_. I _--«-- L ,U ii nn _,t (4.22) "L_L*J.I _>o -_>_ — / __»- _-__ 
"^L_>VI 4 j«<~ill Lo «>jj jljwjj «uLa I jJ .ĕ_-_-_a Sli» L»j_ _J j_>.Lj V 

SjM j_JI ,__- ~____a iiita _jL_L>_I __2 VI L 4_*_~ VI (j_-<u J^- . Li_ j o* i ii « 

<_i_j jl_-| z jj__UI jjSL Ql (jSUII j j r _-o «ULj <l j__» j__aVI _,___ IjJ 
jl l _JL__JI -L_>__l ,___. I oL_ L .-■_ r 'i l__a I jj ._JJj «-oj .__L_L_>_VI 

_~jl iuj (jt i , i ~f j Z jj_>JJ _, I r i Vi n < ii 1 1 _JJj «-jj-o (jL- iZ j j t o 1 1 (--k-jll 

L__J.L x 2 = L 2 = /(/ + l)t> 2 1^j_ oj_j oi gJiji ___l «UL-JI (____>j <L 2 

j__Sl (jt [(j^_o / ______ jj_*J ^___JL,] (4.18) (4.17) _*_!_L_U (>_ ^jj 

IjJ___j . / (/ + l)ti 2 ,j_- J_t <__»_, ./ 2 1-. 2 L z 2 a io <l l a_s___ 3 nJ "i 

4_L_ t 4_j_l JL_— VI -jjLe-a d_j_>-j_J Lijl j"i--l 4 j ii j< 1 "L__> j____>- Jj_>.j j»J L_J 
L 4_i___J L__j-_ <Ujii nitl oL_L>__l ju>Jj iS 4j_«.j_II Jlj__ (jt L___aLi 
4jjIj "jja jj<jU jjj-uJI LujJj i__j_— i ,*> v 1 ir _>SJ . Z JjJ_>JI jj_*Jtl L#jl <_— — - 

J4_JI j i ,y, L#jt JLSj ^jJI _,L»_VI JjL ,___ 4__j_j_ (ji L^jSUj V L _,L 

jjir,~ill (j_. _,lir*j jt *iL__ 4Jj i nU j_j_c sLui.l UJL_ _y£- J-ijJI (__J1 Jj i i utlj 
(__S *>_J_a_a _jL_L>_I _;t j_>.lj fj jJI lSjIjJI _Jj_*_JI 4j_o-£ 4_*__, (_,<"j ,„*^_JI 

. J _J a _l 4jjjj— (oSJI IS^jlSL- o! J"-" 

4_jJJ< i nJj-LU L_J_l_-__ 4 nnilLl 1m.ii (j__J u <j in>lSJI jjS__JI (jt (_1_ 

ti _,__ _;jljJI _Jj_*_JI 4j_»_J (*L^j£__jj__J.I) *Ljj_4_«J,I 5j_-jJIj .(ijjLjJI) 

.ijjLJI ĕLi_>JI ___ 4_»_a J_aL__ _;jjl (j-lj -U (__1_. lj->. 4 "j^l- 3-_>-j ___j 
4 j o**! LgJ (jjSL I (j i ,i ii'i Jj-=- — __ oj j » i (-> (_i?J—>. 4_j_v. (jl IjljI jjajjl i ~ , ii 1 j Vj 

J_-__ '-.j-s.. iLl_> Ll .ti 4j o<1Li 4jjL2_o "LoU___JI jJLi L_jlj_La _*jlj — Jj_sj 

_Jj_e_tl J_u_ L 2 <j£ i_Jj____l JJJ-JI o^ 3 ■j-H_'JI SjjIj __3 ljl>. ""j-uSJI / («m_ 


(jj_j ( _jj__ u jj__,I _;jJ,I (__s 4_L_ I j_$J . Ij_>- ^ ±, _j_j / + 1 (__!J / _j~ 
ajUJl ^ U_ L«L_ .continuum }____« I U , „j LUr 4--^« ,„I,I L 2 ^ 
^11^*1 3jj->J.I L -jUL>-_ ~u_j__tl j_;_ 3j__JI _La _Uj (^yl-j ."j<j,„;>_Jl 
. L-L>j_ 4j«^l jJI 4^j_ J _jj_UI cj -'L.JI ___ Lc. j__ 3j_Lw 

JljjJI <__1_ j_j_J iij'i-11 l-Ij-*-JI 4j__J ~j_L*J.I 4_j_i_JI 4j__-« ^JI Jj_J 
,_t__>_j_>jJ.I _j_j «sW (jjjjLjJI __M JljjJI tfju* J--a->- .U^ (j_— Jj 15) j all 

«4j,U-lU lijl>JI) (J) , 8 , r djjjSJI oLiiljL*)/! 4JVju Lj_- j_**_J1 J___jj 
(|) azimuthal «4j"«,„ll» 4jjljJlj ; jj_.J.Ij r «_l_jJ,I 4_*_j> _nj 4jjljJI ___ 0 

J_ _J ,'r , *,j . ( X — y _ j ", , i i U (__1_. r . tn " i i ii «j X jj_>JI <j__j 4_jjljJI ___ 

~JI_ ___ S_ijj____a _-_jjlj_J 3_j_~ * 4JI_ J-_-L-- _>_ 3jl_j__ u^ m^ 4 Il_ 

:r _,jln~ll jji-,1 

U/ , m/ r-R^r^Y^ (9, 0) 

^jljJI _Jj_=__JI 3 m< _! UU- _,_! _Aj- 4jj1 j-, ^l R (r) 4JI jJI 
Jljj (jj_j Y/" 1 ' spherical harmonics 4jjj_CJI oL___Ij-JI _i VI .jI__l_._I 

. ____ __>jjj| Jj i , ,1 __— - l_J_, Li_ _HJJJ . 4jjljJI — ■ 1 Ij j «", 1 1 (__ 3jJ__a 



CE t>_4tt_J.f 

'—ijljJl — Jj"»-~ II 4 j (jj> _-jl j £jJ — jl 0 j 1 ,,-»JI (jj> 4 ', j « a — -I i ,r»V J->JJ 

tijljJl _J j - -.11 4 j rt < ,__II ~__.L__.yLi _i! jj .spin (_-Jj---U __UI ,„j 

_jLj_Ls 4j ,<->L>Jl tfj_> L$J (_— — I —j1 «j 1 ,i-*Jl __u (j— . 4jjljua 4_jj>J 4j_~L_Jtl 


i_jl 9 SJI, r ll5j_JI__. 


Lj__o jji I» I o ^j ._jLjj_j_ijj —jLijJjjjj — 'Lijj "Ktj (j^a 4jjL»JI SjUL! 
tjl 4_Jj__JL! __JI 4_ j_>J 4 1j V) ^j) <___. jj .(__jL_II J_____JI ___> jL-ejL 

ij-a i rilt _<JjljJI — Jj_*__JI 4-ig£ ____3j ij«_i__»JI 4_j__> 3j_ 4jt_> pj ■ ..-»-tl jj___j 
I ijt-it"i ___j_M _ij_-j . i ii ->JI j— j-4 J}_-j-«j jj_e_4 Jj*- (j_j "< n 1 1 <jL>J'~ 
L^_j_J 4_i__L__4 (ijlj_» ^jlj -Jj__ 4j-__ L^J __.j^l_ ._UjJ ljj_l_4 VL_a 

jj-»J.I Jj_- L^jljjj __« L__ (__] _;jlj __1 j__ 4_u£ L_j| L^Jj t_ n n°i i l l Jj-~ 
Laj 4jj_4_»J.I _jL_j___>JI plLc __a «_j____. -J jj_____)! l__ _f VI . t _J__l 

Ol oj.n-»JI __a 4Jo_4 _ljiV 4_l 4__al___u j_b («_JI 15.ji_.j4 __ _j__.ji.L J__y 
■ _!j --"ill 4 j <i *ij £j_jJLI 4JVjLi __j__ __l j iill 4 i*C < - S 3 (J -- "■ * 4_j__- _— >-JJ 
___J I 4___jjJ_JI (jniii) (j___jjl I fl <r-i « I _4 S i_-U 4jj__jj__JI <_jL__jJ.t ■-*■;"_'_ 

4jJjL_ i*i nijl S __iL£ij_« . L (jjjljdl (^jljJI _lj__JI <L__s __L_j-o L_j _ ajjj- 

. S 2 -_4 LJjLj Lj_a J_i (jj^j Lujj i(j__-jJI 1_-'— " _4 
i_gjl_UI £j_JI ___ I fl j T ij L»j .(____JI __jljJI _Jj___l -_<__ j_±*j La _l 

OjS_ iLjjljdl 4JL»JI (___ -jMLyi (__L_ L__i__jj I j .<--". 4 (j-.J j|j_UI _f j_ 
4jIj__j .(4.21) 4J_l_J.L _-__*j 3jjx_ («j- _— 2jL_ L 2 __L_ 4_UI _j__I 
Jj l <L f _j__>__l l_Lj__J.I L__ k-__* u-J < ^jUII _ I (__ <__l _L^ ____-, 

<__JI 4_j__>J 4 i milLij . 4_____JL1 -jL_JI (j_ _-jL4_ V _JL_ J_-Vl (__. Jl_>-jj 
4_4_j__ _r— — JJ <4 j 1J ... ~-t! _ljj^U 5j 14 < 4_j_ 4-j 4*> jljL-JLI _Ls (jJj-— >l 

:-Jj_JLL___II 

S 2 -= s (s + l)ti 2 (4.23) 

. |S_j___>JI <_Ij_iV L_u i— j t ir> ___. i n i n ') jl JJL*c_ _ jt i r\ Ls J_L_. S <*m - 

:i_a_ <S Z (j_Jj <4_jjj:jl_JI _jL_jII _-« _;V c>J_4 4__j£ 2S + 1 J-J-JJJ 

S z = m s ti , m s = - s , - s + 1 , ... , s - 1 , s (4.24) 


__._#. (4.22) j(4.21)(j__J_l_ll jjii-o^ L-4J (jL*_uL__il uUjUI 
;3j__ai ,»,011 ^jl^ s ^lU.m V . / ^jUI j^SJI -J--JI _i>:>L__j ..}L__t J^ 

j «-i"< ~J __ill lSjIjlII _»jljJI L_j_?t_*JI 3_i_-_ »_« j__-T _>__-__ JLa-JJJ )3_Lj_i __£_ 
S j_wljl_JI j_>.Lj I «i ij \ .3 •»■ _-. . - oL__-L__-a ____ SjJjj-iJL L_J / (_-«-JI jJjJI 
___ (jl'i--J « "ill (jl"ij')Knyi .U ' A L-A _)LL- .4jjj-_ ■ jt iTiTi^i I 0 j ~°> 

l-jUjjjj-JIj _jUjj__-J:>U * , , „;IL -jj_*jj .3_«L_JI ^JI l_^____« ciljl ■ * r I 

4 « j jlnll oUim-til l,'l<Aj ,S = 0 CjLj j jllj . S =^(jjSL* 0 t -jGjjJj_UJIj 
I j-u-u- _>-J "ujj-UI _lj_c.Vl __L___tj 4-rj->- k-.1I i_-1II fLi_J (jru JjjjiJI ._Jj_i.Vl 
_jt (_-a_J ii_D_ ____ "j^Lc ._;jjUI (3-j«f I o<.''J; jjji"llj 'Sjiiill 4jj_*V| _o> (jj» 
_I_- Ls l_J 4j_l -J3-J L_ (jj_o _Jj LLj lnl~iV« l_j_iu _jj_L__ ^JL-JI (jj Lu* Jj-J 
• -■j-m<- JJ__ L$_J -jl «Jmi-w o_LH"-^'j O^i^lj OJLH^)" 

!"_j__J s__>LL __!_>_,_ 2s+1 _JL__ 0 t jl_»_ (2.24) 3JjL_U __1J £j->.jJL 

4_L_ 1 j^J . S z 4j«<.ll ______ 21". „1 1 3j-i.aU «_jVL>JI _j_« JbJuJI Jl>-jj 4jt pi.Oj 

4j_J 4_0LI_ (___>.jj mJj_- j_vj_ V j L^_J ____J1 __l «j i,i->JIj __Ljj___}U 3____JL 

L» _JL_> <_>-J-- ._^j_y_ll S z ,___!L>J _j__>. I . j 0 7- 4_«L_JI i__UI "JL» >JJ-»3j 
_JjljJI i_Jjj_jJI 4 j <i< _v-Li_ jjLj-I (jSLcJ _J • Z jj_*_«_J 4 1 inilL J_l_JI i>J-_ij 

_- J _ja_ i *ia_-0l5ja*ii ajujij. ± \ o_- «j*il j__.b pt VI ajsmi _-_-il 

4 1 milL dj__ . j_>-T _L>_;i (__a 4_L_j_»i! "j-Mu» "JL>- _jj__ V L» _L_»_il __a _;jlj 
__J __L_ _,ij « j-j___jj l__» LLjJ .(_£;jlj_ll jt (___JJI _;jljJI _Jj___-_JI 4_j_a__ 
4jL*^ u jj___jyiot_^j-l_il. (s = 2 '-ll j-i-T ^j 1 11 -w (jt jt) jjj---J)M 

ilUJI -JJj __3 l__J X 4_i_jJ,l M_L_- .+ ^ 2 j_i_v» 4_4_2 4J ^j S 4-i.a-LU *j-t-_a 
2 x " 

\ t ,„ •-, 3JL_-JI oju. _j_J . 100% J U-^ L 3 r ,V,1 I _JJ_ ^^lajj (j| ^ 

U_> (__il z 4j_jJ,I (j-lj-U ul- .i<-i" u '- r j*'-" j .SjjUI S z _j'-L>J LjJ__- l.j„Vi 

■o^uji jm 1 j_» (__- ju_>.vi o-ij l_#i _jj_jj .±i 


JjljSJI^ISjSJIo* 

.S 4j,ilj L 4jjlju- :(__IjJI -Jj___1 4j_-> _)L_.jj 4J <___! j_ ^jm-».tl 

_J j_*_J1 4_i_-_J ,,ilj> _,<«_ __ill 4_JL_>.yi 4-j_»_J1 __Jj--i _,t j il-ill (j_>j 

J = L + S (4.25) 

_l t 1 1 1 I 0 tj £— « Ja_jj^j J 4_ j_a-_ — J 4jj_jjj__!l __L_-jJtl _)l — ^ i o "m 
___L>JI __Jj ___ L»__j . I _ * j ' I o j~4 S j L __L_-j_a Jajjjjj I ol"i a LaLoj 

,_,;■■« ,11 L_____u 4J_Lu J 4_l*_JJ 4j>jjj__JI ol__JjJLI ____ _ ._;j_>--l 

4 j o*C _Jj_> _— o LjJ-Lj _)j£j (JjjJI j-> ->L>_1 _jf J_J_ _,_- J 'Iniiiii « _>_Jj 
______,! j_j____i__j( i4_ul_ 5j_« J z 4_i_>jll Jj-_- __>j__, . J 2 (Jjjljjl _Jj-_t_JI 

J 2 <cj_> . _J-->jiL 4__j_jJ1 ' ,"'■-' S = 4Uj ,„ ,H 4JL.JI ___- L__ut 

3j_j_J.I 

J2 = j(j + l)t. 2 , j = 1, | , | , (4.26) 

. 4j_£ 2 j + 1 (__L__ i 4ijta j _JI 4 j milL i 3jj_J1 J z (CJ-J 

Jz = rrij h , rrij = - j, - j + 1 , ... , j - 1 , j (4.27) 

4_JjL_ \ 4*i*y L 2 j J z j J 2 -jIj «<tt-a j-i-T j_-f o^l J-j>jj 
i J z j J 2 __", jo^yll 3jj_>_« i_j_ , L_ _____ _->-jJ f»J _) — «J i_H-J-JI I _ 1 1 

a-j: 5 .! 2j_j_*ji ___l_>ji j_*_>_j . L 2 a j o<iij U-^j l___i j_j>_- u.ij 
-jj_j Ujj L__ . / j m/ j j 3_>L_JI 4_^_*_JI _l___Vl _j>L_JI __l j 

4jL>.)?1 S j 4^.jL_4J / __*_JI __-__J 4__UII (Oj-iJI ^A, Ls -.^LUI Jlj___JI 
;_____ ( j__cj_> J_>-_J __— > 


K j"iKj <> ,Jl ^l .n". J_»V tjr-^JI Jl<J-»JI (j-a _j! 

JLuaJlJI i'm -_■ (j_a - ^jj/L^ill 4. ;< __.-> 4. j a *» ajl m r Li 4__LL_JI j j i ~. t (__>_, j£La 

.(LJLc JL_>JI ^ U_S) JjL-JI jLl^i 4_*LlII Jji_»JI (jjS_i L-jLic 

L_Jj_=t_jJI 4_j_4__J 3j j 1, 1 4_a_j-3JI JjI . 11 a Lat . Lj _J 1 (j_g J-r-JI j_> Jajj 

. ~L!j)t a JJ_u L^is- Jj_*-4JJ iLalj _Vl_v L$L- ^K -ij' 1 » (^jljJI L-Jj_st_JI 4-j.a-j 
l_>U__cl .tSj-s-t l_JJ L» 4j_Lj)_i3 4jt___a (j_o LjJlitj 4__)L__JI -__ JL>JI _>_CJ 
4___Lx-_ (j-~«,tl 4_aL__JI j . ♦ '■ " (__aJj . ■ 4_aU_> 4JI_. J_l__s1___j ______ 

lSj--. -M 4_flLL-JI -lilj j * JS tjru <j_« _j-_-*J j-i-T '.'.'■"! L_-_ji 4 j oi»VLi 

jjjil .Hamiltonian tjL-i-j 'lj -.1 d lL_a I d ;h-.>L» (>SUj ___JI 
(4__cj a_ r .) 4_-»jh;l, ^jJI jjU-.1I ,«_L-_j .S-aLLJJ j___l_UI operator 
uj j., « LUl -_-j .(4.19) 4jjl___JLl (--itji ,h-.tl u-i-dLi l— 4^Ljj_l__ 

(jt__ j . ii -^ill 4jjL>.1 (4_ajJ___o) 4-c j ■> ->JL ^oiCJI llSLjjKj a ^jLj-o -l-l__>j_u 
J__a j_a . 1 ihil ol <i j i.i --.II SjUJL-C Cjl—ajhi oll 4 -<• j t ifi 4j_.l___U 

jl-c 4_u_>- JJ -JljJI jL_*jI time evolution (-J^j- 11 o^Li jl____-_j 

(_>_-j_-_.I i JLaJI Ijuk JlIc . L_a (__jl JUjl (j--aj jjc 4_<ijU a ("iiL-» Ijj t j-Lc _j-aj 
4___jJI LlijJ (jj)SLi ''• ■ -» ■ - 4 al UH " j . - 1 1 ___a____J| 4 l l . ., ■» J>. , t- ' , .. 1 
,j_a L_jJ_.L_j Laj U n Ijlni. 41"'. ,„tl 4_jL___J 3j_uJI JljjJJ 4j_alf_JI (4^j_*_>JLl) 
3^ II __j| jj'. I J_>" (__-. 4j-l j.Ul j^ll 4- -tl (j| . 4-_U_U ĕj-L«-a («.ij. 


^jijiii^jSjiJio» 


5j a< _;V Sjj al,l o^UJI 4x.j_«_*_a _, ■ ^ (-_JI Kj'iKjl, 
__l j 4Jlj (j;! I 1 -jj • complete set <LL.L_' 4__-_ J____i _>-! j sil 

. 3j j ntl JIjJlU (_, Itt- ^j o -w i J___i __3 I fl if j j i < "11 ij__»J _) i ii -w l_I^J__ 
t <j-aj ____ 4_±l_-_ 4_ajl__i ^ (t) 4_L-»-jil 4jljJI i_l_> (jSLaj <4___L_- 3jj___jj 
: UIl 4_>L__J 3j\jj_- Jl jj __lj 

V (t) = Aj (t) Uj + A 2 (t) u 2 + A 3 (t) u 3 + .... , (4.29) 

3j_L_JJ JIjjJIj ^JJI j-^i-JI A n (t) __!>LaL_il _U--j li-*. 
__k. L»-vi-«.> un JIjjJIj ^ 4_l>.jJLI 4JIjJI j p*i r. ._>~jJI u-lJj £J j--JI 
L_aj_«j Lul _>_jj____! <l_jIj_J-_I.I l_Uj Ll_ j^jj _J Li_Jj l 4_j_.lj__JI -_tj j«~iU 

it = 0 La ^ljCol (j-aj ^ 4j_,I> __lj_u_La __1_. U_U__I (> ^ (0) 4j|jJI 
.___jIjl_jVI (j_~jJI L_I_J_ ___3 An (0) L_lj_S__il l_>^__-Ll-~ (j_a _-)j___.j 

oi (4. 19) j (4. 1 8) «j^jL-JLI cy cJ '^J> 6 -.' g. J^' -J l>1 

1 = 0 (j__«j, J___ 4 - n j J___u jj X j-Lt (j_aj J___ An (t) J__-L_.il 

■_U_.., ; tl "UjL_iL 

A n (t) = A n (0) exp (- i E n t /ti) (4.30) 

jJl_u - 4_ij_a_s_«JJ 4j_>-j!I 4jljJJ __-«jJI JJ___JI 4jL__a Jj- (j__«j I j_&i 
jl_____VI I juk jJ_ij Jl3 i 1 . jU . a-alUll ĕj_j_-il 3 ij "-II 4Jl____ J_- (j_L«j La 

L-i— l._j_u ^jJL*. (4.29) 4JjL__JLI j-^JI J__L__ _,V LkjLi- l__j_>.| 

Cjl j M J— _JJ _ , K iM I J =JI l_L_ (j_J . JJjL_JI (j_s (_-_Uj '- , jjl-c __!__. 

■ Siill^l.l ljjj__JI (_)j__J _v»iL_l_i Jl_i_jj 2jljjl__ 
.JjitUo)!! _--- -_VL»JI lL___jV (--lajJI jj__JI __!_ 5 ji__ (-___. ol c^il (j- 
aJLs- j i~if I ii Uj i ii ull _v« JLjjJL .V = 0 -_f>- i 4jj_*lj L_lj_t__a pjm-y. 4JL9- (___>J 
t - 0 4_L_aj 4l__»J __3 4__^j_s- ^jm^ll fjj Ijl .1 j<jm>L- It jll 4jjLa-! 4_j__ 


_y»j JLU_ ijjj -r'A\ 4-. n< (jlia i Pq 4jjIjlLiI l_Ij_>-j 4j_»_j Xq ^--IjljI £u_»j»a (j_a 
Lat . X (t) = Xq + Pq t/m ^sMjlU LLlL j.-bjil j->i-Jj 4_blj J_a_ t j_-l 
Ua < P >t j < X >t (jSLJ .<UU-,.-wl oL_jjjj J_Lt__ LULa -<_ll KuKj.a 

. t (j-aj 1 1 f 4ln iiij-lll djj se__JI 4 j n . In i iij-_JLI j-__»jJLl __!lj-_JI Ir 

4j o£ £_jj__j £___-jJLl _Jj-a _,U , njjja I o iti <P 2 >^ j <X 2 > ^ j j ", r I ijJiJLLi 

-J j_*_JI 4_l*_" ,___ t _,< J ...>L_SL» l_L_U (^LII jJ_UI . t (>-j ju_. _J j____JI 
•>»• f . ^ 1 - 3 - u- 3 0-0-" -H^e ^ <^Jj-*-Jt 5 j t-_j>> j-^jh 
^jJLI j^jjLa (j_SL! . <P 2 > t = <P 2 > 0 j <P> t = <P> 0 _,L_ |j_«J 

(j7 SLj__iM£LII £ju_jJLI J-ji- 4__jj_3 (j niii i I j_ __ ' *j ■ ->"■_' j_bj i (j_ajJI j j t "i j V 

:__ J L_____ J _ai 4JV_U 

< x > t = < x > 0 + < P > 0 t/m 

(<_! _jjJI f»j4_J.I l_U_ jj-j ij_l_>jII ___ i__lj_*j_'l £_«j_s Jtf___j__i jj_ (<__>Vl 
jLl_-V _y-l Jrt « j_b L-_lj_=_iVI _JJ-« .Umj_-_ .4 j<j i,iM_-!I -JL»JI I mmj 

4_«_9jJ ( ri n->J 4_jl_L4J <Lil ^jjjjjl IjLA (j_l JLaj La lj_j__> _— !t 1 " ~-VI £jjj__1 

3j___j__' ,^_Jj -»- " » _jl jU.^.1 4_? __J_- _jj „-Ti (j-Ujj ,wave packet ^lj_«? 

4J_L__ j j «~n L>_JJ J--JI J5L_- ,^(_gj_>_i jj-C. (j_a JL_-lj C-Sj __3 4 < ..il o" , a 
4 j «1 <J £_u3jJL1 (__£( (__ljt Mi'nVt j-jj—o i U i nj ", a i__j__jj .(j-ajJI Jjj-aj <'!!_> < 

lyjuui _*___ji <___<- _jj_*_Jt 

<Ax 2 > t = ( <x 2 > t ) - (<x> t ) 2 ; <AP 2 > t = (<p 2 > t ) - (<P> t ) 2 

(j-ajJI j_a j-ji_J __-_jJ.I ___ jL___j_J £_ij_a __v_-j__a _,? _L__j1 J^__JI (j-a 

: 4jjl__«JJ ■ ". .U 

<Ax 2 > t = <Ax 2 > 0 + bt + <AP 2 > 0 t 2 / m 2 


-.jlg-Jli-Jj-j-JIO-» 


Jj i«->L-_ _,! r , V o '< «j (j-«jJ1 j_~ I jl~ ~- j j «"II JL_»JI __3 b (J_L«J,I 
__>JI Lal . I_L_> 4___>L_- 4_j_»__>1 <U .".n.jlj . 4_4_ljOjV1 4-i_>.jJLI 4JI jJJ (jjj--! 
. I i.>*s ,frj . 5jjj___JLj l_o.j_a J_aL__o ijj-u '* , 'J~- .4 j 0 ,1vVLj (_,k---J-l ^-i_-VI 
_i! (__>L_C jJ-2j 4_jjJ_> «LiLaj 3j_L_l JL*j -_>J -rj .b _jl___l (j__ j____!1 i—-j 1,-iij 
____ « j i"i ' ij » ^j 1 „ --II (jl _, i«j I ju_ . L__ul «^i n "i"ij --|j_aVI 4 «jjj 1 ' tj -»■ " 
____. 4_aj_>JI i~i« ,i-j^j I 0 iij^ .__ajj| JJj_a »-a ij_aVl 4jL^j _,_* .Juljjja J--J 

• Lo (_--l-Cul (_>sj 

»*-_!. j-.U_ 

,___» (j__J,1 V (X) JljJ_-J1 (___) JL>-1j JulJ y_3 __1 j_-__u l oj , „ - . (jl j___1 

(> (j__ai j*_]l <>_ 3____JJ j 4j ju j_il jl^jJI 3J1_ o ju__Wl j5 . (4.2) J_Li 

jL$__V) 5_L_ l _J1j 3j<ji,i>1_CJI (j__ujL_II (j__i iiiLSll i_-c. jj -_3j__j ,2_3___U 

• (1 « _ 'j.» (ib---' 


Jlji. ,_,< j„,_A_UI jjl-lll (^.^. ,u--1 ---->jJL1j4_Sj_>J| LL.ll. j j « n 

jl Ujj .4£j__>JI ___,!_ j_fc E = K + V la^«a> J__-L_- (j_J .ojljua ___> 4__j_>- 

,nj .,, -.11 _L-_ .4_JL__ ^.^. 3jjj____ILj (jjij K = P 2 /2m 4__j_-J1 -__L__ 
£J j__JI __« jJ=L_a (__3 VI (_J j-_-_i» jl _j U'i 1 „j V E 4____U_ (jjJI 0 <j ,„M_JI 

(j£J . X j_l__ j_a 4_)I__JI (_--Je--a (__ic JL^-kJI jj «"ij . V (x) < E 4_)jL_JI J_o_ 
J__y , X _J_. » o-i «j V ,>aj 4__j_ J J| ___,L_ 4_jV 1jJ_j .E 4_3LkJ1 ^U^I 
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. ( J^ull «ja.jti-j ^l a ^i^i. , V (x) iuL^o ajb = (4.2) JSLS 

LLfr>JI + aSjj>JI , a nlu>.ll 2uKJt Ljl3LUJI jliUjE4 tr L>.E[ {yt iUiaVI JajlaiJI 

jhj^Jj* ^jJl_l*JI 5 0 j«tl (>» ^-1-. Vl E ^LaLLJI tf jj* JLSj Syr £ Jjt 

.«Luljujl JUjj-i tfjJ_>o JjloJLi «jjLUJI 4jJj£ (jj£j Laj . l/jm^ SjSL^ J-A 1 " 
. E 2al Ult «.aJwit^ oljLli.1 SjLC (jjj j 1" t ; t 

Ol P N..^tl^-....j y.JSLSJI^ USE! <OaJiLLJI (jj£i L.jJa(1) 
.B j A ju£. turning «Jjj&_vII _/iU,;Ti» (jj_> 3_jL___a a nUia <ja VI l_!j____j 
jii l_j . bound orbit ,i jl j__a ,__> __ j____y pj ... ->JI _,f jjJ-Lc JL_j 

_)J__i_i __Jj 4jI gitt __£■ J.r-ij ... 4_L_ (jryijJI __JJ La 4___>J ___. _>j_*_La ^jm -*.JI 
<__JJ L_j_s__va ■ U.MI Jj__ jjjj JuJlLcj .B 3US;II __JJ J ,,-j La, I ir ^U^! 
£j_wjj| _,", U ii i (j-u LLJj LLkj l_LJIj_ I j___>j i4jjl_ 3j_a £J>J_ (*J • A 4 lr-i '. 1 1 
__j_ | < U <i j ^ja.iil.1 (jl Uill ___« ^l E| 4£>U_JI Je_~ j«__ij ^aj .(J j tTJ I) 

■ Ij^ji.i^jjjWI iLUjJI 


-_ J I 9 _JI^[5,_JI,__» 

_-_>-> iJSL-JI Js> £-_»>_« >-• 1 a-S' 5_^LLaJI _)>_) __-JlLc (2) 

(jru unbounded ■ : ~« * j_l_. Jj VI JL__JI . * -_jl j__ oLaLL-j 

i , 1 »a tjrj J , Ij *i<) j->-T _5^ aJ _) J—C J>><J 4l___)j 4jl_gj V La >_JL_u 

__j ,1 M» jl_L_a >_$__ __JL_J1 JlUill Lal .C JL_t J>->-i -J__"jj 4_il-_j V La 
'j mi ->JI IJLJ _)5 La -_jjIjl_jI 4___>J (-_» _jj_>. IjJ .F J D JlLc. J>J>-i _/iU*i'i 
iC JlLc J>3__JI <L__j __JJ J___j__u <Lip3 (j_*jJI <L^>- (j-_Jj C jLuJ (_-C 4j£j_>. 
L_'j_*__a 4jI_LjJI jia (jL_> Ijlj i^jl-^j V L -_JL-u «L>_l ___- ■ "T^w^ ("^ 

.4j|_$j V La l-JLu __JJ -*■ «'*■* ■■■I __Lc "j___L_a 4->Lj __i e L_ ijl 1,1 jll 4___>. ,__ 

__a 4 -r "n <-.j -_ iG (jn-*. _>— ~- 6-" ^-"-y f ■! lt— -_ , L___»-5LU _>___> ' , ■ ~- nii 
jlLc 1 * U . ; j _)( ,i.tj jl 3j___L_« _JJj _)L_> *l>_u i4jl_^j VL- 1. i.-w >a __JJ 4__Cj_>- 
i(l) JjL_JI jL_J-VI UL* (_a UiC hii, jIjl- F j D _ru LuJ. jIjJLI .G 
ji j_>lj __!J 4_jjj_^J 4_j_aL_' 4__LL_ jIjlJLI 1 j__> J__~ ___a ^j ,,, -rll _)>_) <*■. j -_ 

JJlLLj ._>j J'J.JI L>_> J> --"~-'' J^L_>- j_«j _)l -^jU"nnj ^ 4___! i4_jL^j _ f Le (j-a-t-) 
._Jj_>.Vl __JJ _j_j, V j" i U j-lc j_ "iiiUil ,l _fJL--J (j—a J "t " 1 i J f J 1 1 1 > _jU~ ii nj V 
. I.ijj j_wl^__ »J_Wj)J 1- <J . -> - 

(jL__L!__j Jl_>>> iJ< miILi (jj-i-JJ >» I a *S E3 4__U_J1 _)>_> L_ajL_C (3) 
1 J J__c j_-SL! j H JlLc >»_"_> L_-_>Jl>.V Jj — *<l "_a_j i(jjJ_j_La j_j_C (jLjl J_- 
. I a j ij 1 j_>-L>. -i>>.>t Jl iiVil I o^ij; J_>->j -*j 

_-_>->) 1 J-^J-il u aUi1l 4jL4_JI (jjj _---C? E4 4__L_JI _)>-_) L_a__Lc (4) 
i4_jL^j V La i___>->a _— JJ 4_jl_^j V Ls L_IL _)__ a '*■ 1 " , lj~-j _JjljL- JjLI—j 

J____j__u 4jl_3 jL-u-JI _____! (j_a pj ^ _Jj ->»" l_L_ . J>>-i JoLij -— >-> Vj 

L> oj II 44>- (j_ -_>j_>JI !_u IjJ ._ ) n < -.-IL)j '. 4jL^j V La -_->->a <>L->-L) Kj_*_La 

.^ji.i-rll ^>>-j jl>->j 5La .4jL4j La __JL_- i>L>_iLi Kj___« JUj.,, 4jl_s 


L_>jl jJol (»^->JLi .(<__JI I<j'iKj a jl j__ !___> Jl *ij jt ^^«j I a Jjt 

jS_«j V E 4_>U_JI 2_»j_! jf 4j__>L>. 4jSLl__:*A_-'I ISLulSLJLl j-» ^ ■ „1 *•" . SjjjJJI 

U_jj hJj-U 4j_-L> j~ . V m j n _v£»JI 4_>L__J _-j_i___JI 4j_4_JI j_c J__ jl '-V' 
<_1_. 3,U~«aj Ij^j,,,**^ 4_-j< l ina V m j n j_a ,___'-'l E 4_L_JI (»j_l ^jn> jjS-i 
jl .(^1 i<-i iiia) I j j <i *i a jj)Su jl j ^ -OJ ' iijlrJI jl_9 i («SJI l— jjl SL j .a (_2 J fl ->JI 
j<, « ni <l ____■ (_JL_>JI _,_3j__JI ,___ I *■ ■ ■■ ^"'i j ■ » *i'' , "*j . ..Ij . I U^l^. j| . M . '. * 
: J^>JI j-L___f jj» jy-u^c 
.L»_L X cjjI jjl UK 4jU: V La l.JL^, A-sjL jl jjj <--l J_>+»JI ( 1 ) 
«lj?j...>L$ . |x| -» «> L»l_' V (x) -» + <-<>: SjUj 1? L. ___IL_ jl <__>.j-a 

(__3j .3, 1 j i* a jj-SL* JJ-a-jJI j_a l$I (-3 3jj__wjil __l jlj-U _J « > 

ji ^t) discrete (^ ■^,ii«) lj j.«.'a -___L_JI > n jU jj <j ■■, 1( <__JI K jJKj.a 
3 l.^nia i-LL-U 3j_i_«II («_j-_JI jj-So ji u *«aj .(quantized 3L_»S_« (__i_JI 

.3jJ__a 3jj_-_J 

<___>.j_aj i_JI _■ J--*j X i__^_>_l I o K _, ■_*>__ _, _J| Jj_$_>JI (2) 

JSL__ <_3 <v_JU JU**JI (_*_!; . |x| -» °° LJ_ V (X) -» 0 V L_a 

-jn-»! M.r.-._ ■ hjUH jjSL -JUJI oju. (__ .(gj-JI) («w-UI lju_ (_JI (4.2) 

_p ; .,-.11 4jUUI 1% . E > 0 < j_____JI (>, _JL_.Vl 4__U_JI ^lj» 

3j_p_a (-_i_> Jl>-jj *_ i4_jL$J (_JI J--J j-a*-l jL. < V m > 0 . Sj-j-j- Jg-yll 
E < 0 jj-J LaJu_- 3jj_pa (*j_) _— »-jj _ («J jJJJ . E < V m j n jjSo LaJUC 

. jo.jj *_ jl . j-_>.j_ L_4jj_3 . x _j__-LL_j v t a__JL_, V min Ijl 
____;__ jjS_; l_ajL_ -jj-a-j Ijlj . V m j n < E < 0 ^jJLI <__ 3j__La_> (-j-a 

.discrete N 


__>l___1 jrtti j ■ ' '■ ■■■'■ (__tj ,a_aL*JI Cjl ' jli 'II _-a j j 'i^ II L_Li_. 

.(4.2) J___ (__ jr^JLI _>_.UJI jl^hjJI _^__a _J1 __l --<- L__j -_l_.L__)N 

.Sj____a Sjl_-1j -JL_ JJj.I ,____. _JL__ 0? E < 0 JlUilt ,__-j-_-3l 
(jj__i <__j_<_ .S,\ -JL_ 4__L!_J Sj_j__a 4 n j g E] _><' I j-i--1 Lajjj 

I_,-|U~m _£J Ij^jn.J-- 4_-j o i.i II 4"iUil1 (__ Sj_j_a Laj___ Sj-LaJI -JIjJI 

^Ja L___jI jJU" l-_j__ -JljJI l_U_ ___ . B jA uj-M^j.i.^SJI Jj-___JI 

Jl> jj l_j__ 4jI (_;! . B tlr^SJ _r^J ^ j I i " J (jJ^ (j-jj J U -x I, I (jr—i I U i 1 1 
<>___ ! I j^yj i ,ij_- S j j U -ir « 3 iiUia (__ ^ j i „ -».11 j J-^-jJ S_ J -r a LJLu>l 
<j_L_al _,J--L__J _t fij im -Jl ^jU-i ,„j '. L__ 4 j ,„ j^ijJI 4 USitl ,__ 

. 1 J^ J , ..^ c -, J J fc> — ^ 

,j_Jj , E > 0 i jii irttt (j-a ,__--.Vl E («jjj - _i.a- -» J J__a__a t iijUII _>J_J 
.--Uj-iJI 4..j-a<ll 4_^L__jJ.I -_ajUI _y__J _)L___I1 Ij-A ,__fl L_aj! L__ JL3.jP 

t__Tlj_ <UL__ __jj__ La ^IjCuI _v_j ___. 4_t _>_>j__l . _L~ _D_ __Jl jj tiinj 

3 <i'l Jj_- Jj '~ _,___ l_L_L_JI I j j mi'i i~ 5j-i.a.a 4_l_L_> _j _L>J 

ajijji „_L4j l___i___;i (_ju__-_i jojj_ii . j___ji <__ 4___ojj.i E 2 4_.ll_ji 

4______a 4_. j__ta_ _J j_a_u __j_- - packet _lj-Vl 4___ jl - 4j_;.jil 

__11jJl j_jjj__JI lj_b i-_jj .(j-ajJI 4jl_ j j '%" j_a J___JI j j i ~ijj ___-lj __3j 

a jtl _JJ — lj - " j C 4___JI jl ,,■ i (____? (j_a --lj_a_l 4___j !jljj i 
. Ljj_u 3_J__a E^ 4__o Ij I oj iii-k. ,i_j_j_J1 _<j -- (j-s ,--ij_a _*l -____ Jla_ 

4 g-wl j_a _,_ ,4 j<jimJ__II 4_t_-LlJI (j_a ,___*-> _-J_J i-3j-_ ^nj m-*JI lj__ Ju_a 
4___J tj_u ij«_JI L-jjL—j a jjUia (jja .4-_vljjt Jj-«JJ C jlc Jj -r ~H 4___j 
j____j_1 ^ ■ i j r H; .-_.■! ... -yi. JL1_J __a __jj___3l L_aJ_ ,--1j_aVl 


.SuL^j _ l_a i_JL_ j_stj 4jL__!l <__- « u _*____-! :(jJ?j->- i_t-1 (3>L__VI) 
J_vjj I j-$JJ .4jL$j VLa i_l>.j^9 ,»L>_I ___> G - U",MI . IjLa ■ '<j — ~_ j___'lj 

j___ (l_)j___) JLsijl - tunneling ,j_j jj_ Jl ■ ■■* _jjjl>J 3_j__« 3uJL__-l 

L_4_l_p_wl (j__u £j-JI lj-4 _,Jj>.L>. J_>.JJ 4j| £_>IjJIj . (_, < yj.njA-' j-*-L- 

tj_j (j_> 4___>.}La 0 « ■ ij ,«__a -c__La _JLl_ Jlj_ V Li_ L$___-L_> ___)! 3__L_JL 
(__ "j-_j-_ the packet -_lj_-_'l 3_____ ,ji (_>_>j___l -^«-SLH _C.j,'>Kj « -t_5__. 
,'j<j,„>t-JI a_p._J| ^ .F j D c& c^-^ jl--" JLUj (_a IjIjuII 

_C-l')Kj a 3 j~-L _>~ Lal jlU-.tt __]_•, ^ lj j ■ -t -_J_JL pj 1n7.ll JJaj i__j_i_i 
i*,j -. '_v«jJI JJLH-J (Jl"! ") L_>j .11 **) _9j 1,1 -Jj__a_l "____J (jj__ («__JI 
■___•. j-a J_— i j—--*! *j_»JI 1 <l j ~*"'JJ **jL_j ^La l_JL_ J-S— ) I j ■« «j_>- ' f \j — *■_' 
.^-cL-il Ji-sJ 4jl.nr jja £jj Ijuk (jl .4jL_j V La 

(jlj "■ -'-'I j-_ljl_ (j__- JL->-J- .J___JI (-3 3ij jll E3 4__L_JI J___ 

j-j_-j j-^L- -j-«-j __- (j-SJj .3_3jL_JI 3-_U_JI 3JL_ ,__ I a< (j_K»')_1 j 

. 4jjL_ (J_J (j_- (_, i 1 i j ____ 

3__.jao-ij.jjj E> V min 3___II <__ 4_U- m-- ajiai E 4 4_U_JI j__ 

j_*jj jl i.ijll (____! j_> j-jLUI (__j_uji_JI ^jin -».11 . j_w|j_- m;! — Jj_Vl 

(j_ (_jVI pj ■ .._lt .d . ... '.II . _j___J1j .4jL_j V La >_ 1 .- j_a J-_J (j_-JI dl_>— I ___ 
jjj ,-_>• . I ' ri ) I (3lj-_ >-lj (j-K«')l J_vjj_ ^__!l _CjjI_j.« __3 Lal .(j-ojjl _____! 

^-s Iju" jL__JI (____i i_jL_JI £lj_-Vl 3_»_j (ji ^i .j_wl_- _JL__ (j_j (_! 

^ 1 . 11 j < - 1 Jl^jjJI Jjjvjj <U_ j « (_jjJI |J___1I (j_) '*■ 'j* "*l l_J- jl U ,V.VI 
f j_>J| _) n< « ij j (j__uJI (_____! tfL>JL 3_j_k.jJ| 3__ajJ| e __> ^jjj # j_w 3jL__JI (__ 
d___jj 4 j niitLj 4 1 11 «i 1 ti___JI _jJi__jj ijl 1 11 j II (____-! >L>_L) 1 Jjj_a j_-VI 
.(j__»jj| (_----i (j-« 4_ajL3JI *^lj_Vl 


iSjlsSJI^ISjUlO" 


<<~jL__La ___■_».» ~H ~ JjlU. La l_J__ ,-. l-.lt t l _ I L_ 

___lL <>> J.^^ill f j_-_ll jl) J„-„i- . n.Ul 2 j__>UI Sj-j-ai _j _ L>JI 
^ <>- v__, energy levels 4_3l__ _jLj- ,„ «» JL2j l_- LJLcj ;(__>ji___. 
(j <>-. ..ill) Jm'1,1 . njUll 4 1 ,„;ILj .energy eigenvalues 4_L__U Sjj__- 
I flK _jL___JI ,j__ <j_ ijb _;j j _■ r 4_--j <i ,,.1,1 4_L_L_> _>_. Jlj ,„11 _il__ 

i4_sj1_ls 4_U_ _;_ 4 1 1 „ i t L i-t__»_Lj . J .«-. " 1, 1 ( rtjlntl _TJ_a J_ <__ 4_- j n i,ia 
t __jj__,L__ (j-oj ir-i V i "j j «i 4 4JL I j I « ■«■* (___JI oLajl__>b »1 -L-s-jj 

____ "L3>L1J1 __-_,.! ,__ "j-j-i. . I ^u-j-ij ._v-____VI j (JLl___l) >j^VI 
, .=:, J_-jlj L__u___ .scattering (r.~ ■'i, 'II) 3jl U". ,.,VI Sj__.LL_. 
tjl__ .La 1 0 -» 1 "j-±-_- Sj-li JL*j ___ 2Lajl__a 4__LL_ olj -_l a j .„ -».11 
*j lU- ... VI oVU->l (__ La ._jL_.I_._-I . M-.V - (> .V,- -jUj,„--II 

_■_-_> __J1 _.j-__> i__j__. SSjlU" .„'-1 4-jjlj __-_j 4__U_JI dJljL- (.-■'. m-tl) 
. <—il «j , ,i-<ll ^jl im _j^__L_J l_— v.jl ,3 !__-, ,__- Jl*j l_»jj- CjL_.j__.j1I 


_&_ 


5 


u Ljl <__!) J 1^1 ii II I jjk _)ljic J J '".» 

Jl JjL__.l _,__ Jj__ __L_ 5_C.j_u.-J -J_» j 

Lgjj_L_J jl iL$j|j ___ ___ l_~ j o 1»,^ LjJ .llj__j 

_--J . j<__ll 4jj__J LL____ -LJ__s3JJ ___ 5jl "i oll 

____ _L___JI 1 ju_ __9 j-Sjj _-_j__, .Jlj_-Vl _J__v 

— — * _>.''"' ^j^-j f j i ii ~>- 


j_jj_ _____! £__J V ^j II, -sll _|l cP= >-L-l 

j_^>JI jj-L iJL-JI _1_ <y. . _,>__?! __U. jrj-i 

(<_ (j-»J i«_»j__> 4j_j__ 4_L__JI _)V IjJ-uj .j_____L! 
i— Jj *r "II 4 j o ^ j_)j_a £_ L-j-a 4 j i nl i" - ijj-— ' 


.jljJ--"! <L__- ,__JI 

_)l"jo< _dj_5_UI 4_l__j 4_U_JI _)t -t__l jjl _>___ __ij_i 


__Jj (jSLJj ,i_l___J S^^l a^MI aj!____ ____. SjJ__ ,jj_ L__j IjJ .(j__JjL_ 

4j_»__; 3j_L_ai 3^,sn 3 JiLUI u p S^-j-oJLt 3JLJI . j__J| 3j jL-1 3JLJ 3j| j_JI <___, 
,j_-JI ((jLjjlipsLJI) _)j>_L~L- jjJI -JL. 4____i i___ Jl ___< <__j_ p __j_*_J1 

___=- j-_i!l aji j (jjSi (4.13) 3J jt__JJ LlJo p 2 /2m ^ Sjjjjl a^iji 

:__a ,3JLJI 3,*.«l;tl ^ JL, _jj , ojIj £j>-J 

u p (x) = exp (ipx/ti) 

«__L___! 3 j j n U 4jj_i__II 3J jl__a J_- jjfc I JL_> _)? _j_a 3j__,Lja (jisejJI (j-LaJj} 

•. Ijujl*: <_____« '..}__. I -_*_-_. jj 3__l__u s>jjJ.I 3_»j_ji oi j 

- (1i 2 /2ni)d 2 u /dx 2 = Eu , E = p 2 /2m. 

p P ^ 

two - fold energy (_)_l3--->. _;j) _-jL-j ______ J}L_*-I _>-->. j J__-V (jiJ 

_►*_> p SjLiJ Lo! ._J j^tjJI 3j << jlj-Sj» ,u:> jjL_»_; E 4_»L_JL_ .degeneracy 

j__J| (____. | j__ J£ ,j_u £j_j_JL J_l3j_JI LuSLsjj . 3_JL_u j)t 4_jjvjjs UJ^ o' O^-J' 

(jl"il S" i ,i « jljjjjjji _>__>__>. jlj-jj «*jLa i<LoJj^oj 4_i_>.j_« 4_>L_JI (jj^j Ljl__.__II_JI 
.aj_LJL a^jjw k L__. exp(-ikx) jexp (ikx) U- LU-- 

k= ^mE/ti 2 (5.1) 
j__ E a____-_j 4 i ■■■;tLi a___-__i 3j j o 1,1 a « , aii ajj__i r L__i _lji 

*(___ L-.*_.tt ^ t \ 

u^ = A exp (ikx) + B exp (-ikx) (5.2) 

L_-_jl -Jj ,E 3jJ__a 3__L_> -J I o ,,„-> , „, n j jUJI _P» 'B = 0 jt? IjJ 

■ n.^ij J--JI _L- A = 0 _l_ Ijjj .p =tlk <___ 3jJL__aj a^.jj.a cJj^J 4j__ 

a_.U__J sjjjUl a-«LJI ajLJI (jj^jj • P = -rik 3_JL__ _-j_>_ 3_i_4_: 4J Uj ,„ y 


__ij_x__M 4____ _M,Lf_i La! .4_il___J __jj_j,«Ll _rj_JL>JI (juLjJ ^j _>_. 3jLc 

__J1 <T< ->L jL_uJI __JJ 4_>j_».j _*_»jJI __JJ 4_>j__. :(jLj___j-« ' Oj-*--— - 

.A* A/ B* B a^l ^(j*_u__j 
ijj-— ^oJI 4JL>JI 4_jjL_ 3j__ _-#_- ' jLu? 4_}_j ___> j->- pj m 7J 4 ; i nilLj 

4j}_i Li_> l_ij_-___'1 <j_u^ _>£_ ,_h__J_.Lj _*__l-_- _dj-___l 4_j_*__j 4__>LI_JI Lfci_ 
_>-' p 3j\_util - -yStl -_»__; 2jJ_,L_tl _dj_*_J1 4_«<1 5j\-uJLl 4JL>JI .__,_£_«__- 

__1_ 4_3_l_j sj_u_* aju. llbji 4j|jji ,j__ .(4.14) 4J_l__jj a_L__i aji_ ______!>, 

4jV bold face a__i_u a v ,Ui L__> p j_-jJI ,,.-,<■ <<J .E = p 2 /2m 3j_L__- a_<w_ 

__>.jj djjj. jljL_i1 1 j__> ___£ ili^ Jl4_ju 4_U_JI (ji Ujj .p 4_s__U jIjl_- Jl»j 
._L_>_I (j?i (jjSL) _)? jj-Lgj p 4 T- 'U (ji ^i - 4__l-L_$j V J>L_»_jl 4__>j_ 
4_-L_JI 4JL_>JI _j_o (p j»j___>» jlj____« ,<»_ _-«j) E 4_-^l___ 4__L__J 4 , inilLj 

t-i l____L- .(4.14) aj_L___J a_L__.Vl j_L___JI -__i_1 ^ _>_ SjL__ 4__L__U 3j_l__U 

.p <__L_i_>_;i j_l*_w 
9§*_0<^t«-* 

J_J j Jjli ___ 

X jj->-U J_J-> _-Lc 4 3Ui« jj-LJ jl__JI ___-L_-i __jj____ j ,' t', jl __C_u 

(j—a L____ 0jj __>__, (_£ jJt jl__>JI . L$_j_)j_t_ I ir _n_uL$j _* (jjjl___*u 3j____« 

__!J SL*_- jLg_>JI jji-ju _____;_>. _->->jj i4_al j_L_-l ___-<u V _;jJI (__JL_il _j-JI 
4_uL$j V j_)L_j 3>a ji_>L_ _-$>JI <__, 4_uL^j>UI 3j_i_JI ____> .4jL$i _* L- _-_>•>« 
I j__> _l_9 n«__l _C^___d _fj->-t l-uIj-C. _>>-J _-« (__jJLj . jl__>JI j_i__ 3j__JI 

___j___j _j___t_- ajL__ ___. i « j i.i > (_j - tj 4_ji ___> i j _ j ^-jj-jji jj______ji 

ji j_> j_i_. _____ jjj-ij-j (ji <^jU~iiiij _* 4_i_ _-4_ji (oj ,i,>ji (ji l_j_ . ij<j injLS 

3j__j_>Vl ._i__>j '.4_j__>jil «UljJI __!_, Lj_>. LLsj__ _>-sj_--j jlj__>Jlj .l-jL^j V 


-Sj___i 1 _j!5j_ji 0 _ 

x = 0 ____ IjIjl^ -JL__ tPl J---- 1 • J 1 -^*- 1 J-i* t^>^ u * ■' - 

(jj_ 4jj_a_-i I <\ _ i j ) <_Jj_a__j jcj___>JI (jl (j_9j___)lj iX = L JUC J---T ljl-L»-J 
Ji-I- 4__L!__J Sj-j-JLl 5 „ j ntl AJjL-l f L_*JI JsJI .(V = 0) -j_- ^l j_Sb 

___ __Lj__>IjjJI j_>-J_ U jj_ _jj .(5.2) i!_L_U (___> U_' L_U_ <jj_o <3jj_-__JI 
<>j_i_ <jl _,_»l LjL. _,<_ .05_jLj_i.l B j A (uW-jll) 'jLm_/_I 
,B = -A £___! _,! l__*j x = 0 j___ v iu-.ii. * L__j_Jj .4jj__>ji Jojj___JI 
Oj^ (5.2) *j_l_ii ,„Vl ; j ,„u igj j_-__t _,t -^jl^j 

:_)! £_Jj lj.J->- LjjLlc_I L-jIj C jLjejLj . 5j'<l'il,l 4jm-»JI <J|jJI j-« L__l___- 

u £ (x) = C sin kx 

_)j_j _)l < _ ■ ltv_ U j _j ,x = L jl_c L__jI ____j___ (jl i , > j J -».11 J-_J 

4_-ljyi _)j__ L»j__. _-_j>-o 3jij-*.1I <JI_JI <jl Iju». i__jj_lLI _>« . sin kL = 0 

:___• _-.jT-.tl k («jj- _,l_) I JL^J .71 4j_v__J 5tjt i^i _____! in< L$J 4jjljJI 

k_ = n7t/L, n = 1,2, °° 
3) j 4 U Jlj jJJ 3j__LUIj 4__U_JL! 3j_L__U (*_-_!! _,! ,jJ_L__ll ____ ,jl_»_j 

:<___ (n __LJjJI j__-e___!l _jl-JL 3jj4a_ (j^?l L$_>) 

E =--^4 n 2 , u =\/!sin (-™ x ), n=l,2,3,... (5.3) 
n 2mL 2 n L L 

.4jjLx- 5_-l-II -JIjJI J_>J 4j*.jJI -JIjJI 2uj___ jj^jJLI J.LU jLui.1 <*; 
___>. ,n -^_*___JI _j__!L (4_*_s j__) -jj.rt- -_L_LL_JI j 5j j oll __VL>JI 
.5ju_il __VUJI __J -JjL. ijSl^i V __L__j ,4jU. V U __J| j__IjJI (j-o --jl j_j 
_jlj_JI _,! UU_ _____ jjju j ,m _____LI_JI _,! 3jj_L___J 3 j ,„;!Lj J___V 

a nl Utl 4_4_l_JI n »>_« j__i_ __Jj_? .j_i_^L_ -_ j "-»jl -IjJj n -^_____!l 

_,! ".I ,A E_ = E n+1 - E n ____- ,4J jjUJ.1 (_:j__JLIj _;j____ J__ j_j _j____ 


ijrj-S n Laju£.j .n »jbj ^jimi jj .nj fractional ,_j__£J1 jj__I 
Ijjj i^jj iA E^/ E n = 2/n 4__vL_L Ljj_j _;j ..^ll jj-_I _l_ 
_._LL_J 4j i.iilLi Llij_j J"Via 4jl_ i rtjUTI _j_j <___.! 1 jL&s .Sj_u_JI n j«_u_ 
.(Ijlk Sj_u_ n l_j_.) JLjjI^j^UI 
_, ■ tl , < t j I ■ ■■ 1 1 ^.11«*« u' d>^ ij 1 *j*^ 4 Uj. ,. ,11 3 li , „t I _)j__, — L_sjj 
4_jj»-jJ.l 4jljJI (___•}- SHJ^J-J — * '.'l^" ^ 6^ J-^J .Sj-J-Jtl («J— J) fij o «"i (jJI 

(_yJx. _J3_U (j iii -».11 L_jl_JI _L_ (jJjljUsJI J>>-J j»JLC ____ L-l .(jjjljLj>JI JL_. 

jj__ Lgjl <_l_»j iSj-lLo 4_ ; - r .jJ.I illjJI _j<_ ,jt 

.4jL*j>UI _j-a |x| l_.j__I UK 4jL$j V La __!_ ljj_ 

jl__ Ld.lin J J L>..*<»'i^ u k. oLuVl (p>Li L_i j jl___SI j_l__I 

,ji 4_jj_ __, >_____ . (x, y, z) = (0, 0, 0) j__> _ i 4____ ___ 4_l__t 

_fj_--l_ J .n".S.j JJJ — __a Ijj—tia (3j, 'i"*J I J-*l J ' t ^_ l ( <>J'"'»J I 

4J| int.1 ojuk J_- (j-_jj .4 " inll (jljJ -«.II Juc. L__L_ 4 j -wjll ajljjl ^!>__ 
JljjJlj Sj\j-al1 (ftj_JI (_>jj . J_-ljJI JLtJI 4JL>. __3 £j_1 LL L_L_ 4_U_a -J^jj-i 
•.(ji Jl>_j) .n^ i Il^ i Dj 4_JL_ jjC 4tjt ir» 4jJjJj jIjlcI 4j}_j Sj\j_J,1 

E = Jjiid (n 2 + n 2 +n 2 ), 

n l' n 2' n 3 2mL 2 1 2 3 

(5.4) 

E =\/~-l- sin (_LIL__x ). sin (^Hy ). sin(---L--z) 
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-5 jl^SJI _Jj SjiJI __ 

ji, 4 nl- V a jj ,,-n harmonic oscillator ,_J__lj_J1 ._jjjj__.l j d hj 

I Jl^J ,«___ ^nUt II CjI j<j .„>__] I _>*__ i ai^i j_j .(«JjJI <j_ SjjJ__ £jj_S 

."n«ijU'1l <CUj2 (_JJ 4___>VL ,1 ijintl 

*_>f*Jl-*Jt 4_lft 

j-j»IjL> K <-.j - .F (x) = - Kx 3j_JI _ij_L_ jJiLb <_jjjj_J.I jl^ 

' '" ■ -»j 1 1 > j ■ -jj -»~;j* . ^3j_JI __jLj j|J «_Jj_uj_I __j_u> _, <i i nj ( . i -wjj 
31,^-11 4___JI <___ j_p <_UI (_U.j____1) _Ijj___.I 3j_ <jj_L_J1 1j_. 

Lo ''f <_L_> l * ? I _j ! ^ 4J - t--" - - 1 <L. *__j J__>u La JlJl__. * I ijJ^-JLJ^J L) 

J*__V . V (x) = K x 2 /2 <__, jl^»JI 4__U_ . X 4J_L__„ J}G- (X < 0 

I j_$J .j-l_lj jJ__t X jl,> n - jljjl UJ_ jjJL_- j_j_ij j_4_j ,> ^ -Jl <jT 
I <j 'i-Lj-a i__j__ (__ -_9__JI i__jJ_ <jl I iil iii <j_JL_>JLj J^-J-J jt I i !< <ij 

_____ ... imLUI <____ . L__U_ discrete >L_____» L__u_> jj < j .„ ^___JI 

~LJ_l ■ tL »-3j— *j CO i_i;__j_j j ' «IjL-i K j___aljl_JI J,i j- ,nj jl (jjl 

J_ 

aj_i___ ______ (j__»j j_uu_, j . ^j ,,, -».11 aj__ m -'•■j^- . (o = (K/m) 2 

.3jj__JI <___- J_$-»JI 

V(x)= mco 2 x 2 (5.5) 

<_____ _kj ».__ «ij^ji.iM-JI <*__j_- jl_ .E 4_LLs <__■___» pj ■ ■■• »>n jl_ I jl 

.x 0 = (2 E/ mco 2 )T .x = -x Q j x = x Q j__, (_______) jj_-__ 

j_» 4j<j.„>l-Jl a_j_-Jl ajjLj ^lji j_ji 
x(t) = x Q sin [ co (t - t Q )], 


(lP>i^ U>"^ ^*">J L° J- 1 -^ O^jLp^-' u'>--~' jW t() J X Q < Nj~ - 
*J|jJI o! .*JjIjujVI J_.jj-_JLi (jlj__«ljLJI jjl JUk -J-*j« .j_j"j_VI 

_dj-__*j .11 ->Jl 0 i -^>j J*J' 'j-* up* '"1 j +1 l-h ^jlj-^ 3 4 j .' j >^ 

Xq j_"_«IjL_JI _Jls_j «~,j -> ■ i X = - Xq j X = Xq JlIc. Jj-*- 1 ( j* i U < i'i (j_u 
j«_. t Q >*-«IjLjJI L.T . L-jLu, *_-___-jll S-SjjJ-JI ,,,„->■ E *_3_t-J1 *J___,ljj 

*t_-_j|j .(-^jii -L-^i ,___.) j__-Vi aua;. ..■ ? .ti jjj-o jlia (>»jJi 

"LjjjujG 4_>j__»JI (jl j_* J*Jt . Ij-* (jJ^- <=> '.h->-^L. (_,; lij _$jJI ^,,. AjJl 

.(0 (^jlj _.Jj-j 

4_a_j_"JI 4jjL__o ,(_-jjj__JI "jLcl .1 « ij i|«SLJI K jiKj.a jj hia (jja 

:*jj__JI _Jj_ *l_L__J (2LjI jJI ji 4___LkJI) SjjjJ.1 

4+— u-( — y x 2 u = 0. (5.6) 
dx 2 1,2 -fc 

«jl- (j_J .E 4*jLI_JI ^ "ujS Jjl* LJ oli-J.l*' «"J-LJ.I 

X Ojljjl LsJ_" _jj__ Mj j_sjj L$jl (^i <c _>._jxj j_*j ,____ «^LaJj» Jji-JI 
CjLaLLaJ (j ... uJ jl_u j j J>- J__j_S i_JL__j . j-»J ji tfL~*jl ___> 4jl_jjjLJI j_-_j 
(__fl lj_>- (j ... i_Jjl__ 4jj .U^ (4_uoL>.) *j ji " 4_4jl _■ 4JIj jiaLu .E^ 4 i j - s 
. Ij_tj_? X jl JL*_- -r.i.oj LJS" j_i__JI __JI I j_v Llj , .. a J f Lx__*j ,j_« Vl £_>l j 
~jj Jj mi 1,1 4 i j ir-ilLi 4-a.j <i i„ U 4__L_JJ (oj j <ill) 4_jj| jJI (<li_"JI <j---*"j 

E n =nco (n+-i ), n = 0, 1,2,3, .... (5.7) 

Ja- . ,i"i i__j__j .Eq =tlC0/2 *jj_-_>a "____> 4j (__j_9jVl ^j* iii 1,1 (ji ih^-V 

:(__jfcj l 4_u_-j2 , l "JL-JJ Uq "j_yjl 4<ij*tl iUn'1 

x 2 

u^ = N exp ( - —2) , x 0 -JT (5.8) 

-- A „ u m<V» 


-SjI^sji _-n "j-ji o* 


(<__.jJLj ._)ii"ill IjjL-j Li_ .JjJl_>u ___ L--C.J- V _gjl it< __->_> N <"-.j -- 
____ J o"i nii <l_1-<-j pL^jjIj (5.6) 4jh;->L--JI 4J_L*JJ <j_» IsJU .ij>JL«II j! (j_J 

Li_u! . .jIU* J.ul ^jjs \l . :- |j___. (jLs i5^9j_mi oL.-oLjJI jjs jj__ 
JjU. . E = E Q =tico/2 (jj^; L*j__. Ju-JI ^ 4_LL_JI u Q 4_>>L-. j! jljTijJ 

■ U ; ,_,tL Xq j__aljl_J1 (jl L__ j-l__i_VI ___: j"i ...) U_a V «II .:■»<» jjwa _""-»-"ll 

4jj>.jII «HIjJI _,! L__ji J___V .E Q 4_>L___J SjJiLUI ■■■ N<" Jj_--JI a 

Jl>-jj 1 I j__ -—aj .(j<*M<ji.iM<JI J j t'iI I (_,* U 7i i Jlju "lC j-l-J JjL___JI (___ IJljj 
. |x| > Xq Ij^ji.i^K "jjJolsJJ (jjULlil ___( jnjiu-». -J"-jJ (jj/j-vLa Jl <i"--l 

:4J_L_LL «^jj-JI» ____>1j_JI <_jjuj__.1 Jl£>. <_-__-j 

V(r) = -i mco 2 r 2 , (5.9) 
Sj_a co <_-j-_j <__j_>. ;F = - Kr <"_>j____JI , ?>„-,•> i_j .L-___JI 3j__ jJ__uJLj 

3j__ J__.L>. __JI <(J_____J). Jl^JI _,Vj .(0= (K/m)~ "Jjl___J L_L_-> 4jjl_ 

i.iiiii; _;! . 4jjjjj__JI <__Ljjlj__yi (j^a <_____-_« _-jIjl_-J ____ l^io J_ J «"■ ij _j___ 

J* J\ Jj "i '-4 jL_jVi 4_j_M_ 4Ji_____ J_- _jl__ i r 2 = x 2 + y 2 + z 2 _,! 

(S___L>JI) 3j_j__U 4jjI jJI jhj-JIj . L_jL__ U«-o L__jL__ ___II JulJI 4jjL_.| 41*1 inU 

4_uljJI JIjjJIj ;<_«--_- Vl .1 « ,11 <___ -_L_L__ <__}L_!1 ^>__---a ^jb eigenvalues 
u n jSLJ .^jl_>.Vl jl__JI (___ i j__LU1 "j_L_ai Jl jjJI -j j-__. ^ljj <__-. (3j-_-«11) 
y j x __L_ljL__yi _y> j__T ji j_-ljJ JIjj-? U__ jjju ju_JI 4jjL_t "j_j__- -_VL>. 
3j_^_U Jlj jJI jj__ j_ju_. . ^ j___Vl jl__J1 (___s 3 j__LUI __L___J1 E_ (j__J . z j 
4jLJjJ1 jIj__VL "jj^ [d (x, y, z) Ljjk. jlLj] jLuVl <___>__ -ujjj-JI 4JL_J 
•.(___» 3j__LUI ol2L_-Jlj"j-i_JLl JljjJI_,j__j.n 3 . n 2 .nj 4_y_J1 4-_ i -___JI 


pSJIciUS^iullSijAaj 


x> = u (x) u (y) u (z) 

rij, n^, n j n 2 n 3 

E n n n = E n + E n + E n = ^ W (" 1 + °9 + ^ + 4 ) ( 5 ■ 1 0 ) 

ripn^, n^ n^ n^ 1 2 -'2 

• 4jl_jj V Loj j e\ i*-iH _nj .4jj_ S__« it i^-i II jlj___M _jl>- i 8- . 

_,__. ______ 4ti^ mtl _1j-__ _M __!_ J_j__j_ 4__L_JI _,t ^v 

J ~- ,,-> _J_— -I 53 J 41 - L^jl 4_fcljLJ ___J l__4 .1 fl « 0 -w _)___>__- J}___ 

i__M_JL, _J»___y n jl__Ij ^-lJ- <-V-~ _.U___JI L_L__Uj Ijl^Jj 

•■a£i) ' n = n ] + n 2 + n 3 
E_=tico (n + -| ), n = 0, 1,2,3, .... (5.11) 

- j__».jj <Sj -- .degeneracy JM — a_iVI jj-__ _jj___1 ____> «j__> 
J__L- __J| n ^it mll _j_JI *,_:_>_=__! 4_±_5__ jjU -n = 0 3JUJI »1 inLi 
_:j" ■ ■■ 1 11 2La___JLij . n j j n^ j n^ 4jJL__ jj-_ — ^ jl j_ct 4_,A_ 
(n r n- , n 3 ) = (0, 0, 0) ol -_-»• ;jM__*_j( }L_ ,n = 0 . t ____ J Vl 
,n = 1 Jj_M _?j~i , ,.,aU 5 V „;IL) __CJ ,Uniquely <d jj_j V ju^s j__j __!_. 
_;j ", „,ol1 3 ■ 1,1 -,1L .(0,0,1) ,(0,1,0) .(1,0,0) :oL_uj-»_ -__,_ jljwj- 

Ji_a__'l _1j I «_> IJ_vJfcj .(! ^ _>__-_) 0_u)_>_ 4___ J_>-jj ,n = 2 

_«__) _;j "i , i, 1, 4 , . nillj i n I", V a £_jj_>o J£ . jj_1j j-^t n 4_>L_JI JJ_ j_l__I 

■ 4„l",v« 3Jh_i_> 4JI_ j____ n 

U_-4_;_wjJI 4_J1_j 3W2 

:<__, (5.10) j (5.8) u^jUil^^ 

%0,0 = N3eX P(-— 2 )• r 0 = X 0 = \T^ ^ 12 ) 

2rJ mw 

.r Q j-u__J x Q 4ja__j L___i _L_>_'I _,Li_JI 1 j__ 


JjlsSJI^JJSjSJIo» 

z j y j x (_L_ j p-.tj _,_; 1 -! central ^j-j-» <_t V(r) L* jl^ JL3j 

Jj__!I (j^ ajj ._U_>_1 4US.1 _>_. , 1 « 1 1 1 (__> r i l n -_ ._<___ T 3 j» o-. 4 »j ir> (__ 

«_-__?_>-> 3j_i» jl_b _Dj£ . J__Vl _____ j__. centered «j_j_»i_» jl^JI _,L 
i n.^i") .>L>_l ___ J__»_ ___j i_"jj--' . t. 1 j-^' 5 j--U central force 
-_*__ ^t .a^LD 3j_JI _,1 a_^jll F 4_w_ <___- . F = -dV/dr Sj___, jU2i\ 
auy. ,>L>_| (__ 4_ijL>. Sj__!l _J 2 ,11 ...11 F ^ v'« _, ■*" l i ■ j ■ i-jL>Jl j_--i 
(__ 4jjL>.j ,r ili» l_iL_U__ ___ SjuLl 3j__JI _,j__ _,t (j_Uj _„■<-■ tL .J__,Vl 
Vl__a 4' mi^I ;« rirt i iii _;jJI _;jj__!l l_i jjj_JJ ,t g-w j tjj ._;j->-? oL-LLj 

. J____ l_i jL*. _;j_j_« Jl$_»J 
Cjlj 4j 4j_-1 iol,l cL^loJIj ._;j_j_a .Ig ->J _l_--l ,__ J____a »l_»_l J-«-jJ - 

j-y l5jL__J jj_-_a Jj_- 4jjLp_-l -j-Ijjj __»_ j_i___ V (_*_ .(-iljjJ J-L_i 

4 j o < (cL-j) 'h „ - ,_JI ^jjj .4 j< j inM-JI 4_i_>.L_tl (j-« lju.j . J__V| 4___lLi 
ljj_j_l .l^->- (__ l_j__-« ^ j i M -»J (_;jlj_l _Jj___l 4j^£ _J _g I :L uJjljJI l_j_*_JI 
jl ,____ -JjJLi I j__J ..jl__« (_3 1_>j_*__4 j-lj La .!_>__ Ij jlj__U ,__ 4__j_ Jl__ 
.__"imiU (_1_. Sj_.L__a L (jj-J ._; jj iu « (_3 «__J _jt L-_*J _,^ j i njA-JI jljjl 

4___uljj __j_j> jlj_a _j! _>L»_I JJ_xjj .4____wa 4_ij_>JI _;j " i n « _jL_L>_I ^ j « -v 
«__ La jl__« l_iI__L>_I _J_->- <jt _-jljJ_JI J-Ultl (__«j l_J_^ . 4jjI J_uVI J_jj__JI 

. 4jjljL_ll J_Jj__ (_1_. (J_>1_kJI tfl_>_ _l i 1 a"l < jj .^jl i n"ltL 4--J n ni< (jj-LJ _jj"' ' " a 

(j_>L__ ( j-rljU I jlj_« (_9 (_)., o i nt l Jj_>. l> _>j- , I _Jj_a__j .JLHI Jj-l_- (_i- 

j-s-L (_>___L_J( _UStl _JJjJ j j ^l jj_>J,I .(_1jj___ LjjIj (jjSj (jt __jL___) 
ji-L jt -J c_»_c_. a-jjjL*U 4j>_jJ,I Sj_iJI oV .j-l j_iJI (__ Ll_U L_l_»_l 

■ (_gj)"' i ii olt j-i-l tfL»_l _;b _flljJI (_fl _ a i n"j i_lj-JI _r3 J^-I tfL>_l 


-_JI i^LS miiLLS ^ajy 


<L__jJ_JL 4_i_™j_4__. jJi£\ j_*_ <____ 5 j<j . .iM_CJI "jj___JI _____j _>__v> 
ij-jj- __-ilj)- _)L- 'V j»f ljj-£j-a *!___•• V L« j_#>. LujJ _)_» l_l .4_Jl_JI 

f)J.„> 4l___j _;jJI JJ-*_J . L_J J____- *_ "juJlC cliljljLo J <1 inl 4_j_a_J 

i_JJ_ «j i iij Laj . 4_uljujl J_jj__j 4 U i „Ijj .5, tj_t _U C jljljJLI <>jui> _ru (j-c .L 
Jcujj __U| 4_9J__JI ___ . _->-J (jj ' : _'l JjLulll _)^« il l_i a Ju_ 4-r j"<i< 

4i_ i__j__ ___L_ jIjl- j\ i-.olr l_) l( __j|jjjJI JjU_JI 4JU ___j .--IjIjII __-> 

I ju. . L_jL_ L_>.j__j U J-~_i ____ .4_jL__~l __LjljJ_ 4_a__ljj _Jj_>.| _jljl J_« 

!_5j-' *>j j i ri i _L_j 

j__ 4 j<i.„M_ji ^jijji _j j_*_ji -_^ __*_ji l _-_ J iL_.ai ____ai 

jj-Lcj <___!! L ^jljJI _J j_*_JI 4_, a <l __>l_JI 4_j_uj__JI oU-jil g-^-w _,f 
l L_*___jf U__j ._^L__L" 4_j1__JI 4__U_JI 4_l___ 4_J_Lu _ij__ I <ji.il j«i 

4jj_j_- 4-J_L_ -Ll__" L*" _>_Jj .lfliji La_ 4jJ-Lu r.n.jl _J*>L_JI _jL_jII 

1 _ ___ i < i j —■ '■ « ^j iii -,1 4 1 1 nilL . «^jU~, , „'i 1__L_ l '\ _ 1 . «L>_l _;l __a L 
L 2 __VU __J1 a_iL__Vlj .ll_ui 4_.U__J 4jii "j_^ __VU jlj>_ _,t ^j-j-- 
. z jj_3_.l j-a _l__*u'_ , l _dJ_ _)f j j"nj L_c_ .ujl" Vi _Uul _;! ___a L 4j_j-«j 

jj__l] j / ,__JI _JL__ a_j._N ij j nll 0_1__>JI _L_»_ __j___, j_J___ 

3 jJ_LUI 4____JI r _j__] ___J_ _JL_- oj<j ,„j . [(4.22) j (4.21 ) ___J_L_-U 

_)! _>_>j__5l .__JjjJl_JI iUj iii j~lt i 4, \ _j ._j__l___I _jjjJl_JI (JJJl^J 4 ij t a (ft^aJ 

_,i„ j^ijJI ____JI jjl-JI J1_-j! lii<4j jujuc .discrete J___i__ ■ *ijUll _0J_ 
^l IjU^. 4ln"..,.ll c_VLJI j n n-.H (-jI.jjul. JjJj jj-?-- . L__ilj) n 

4jj*_| _Jm_J.I 4_ul jJI __*_UJI 4jL_' (jSLsJ Ij^J . J / (__JI tjJ-JLC. _p__j 1^1 

3j__Lai 4__L__1I ^l E n /) m/ ^W L__-J_- j-^i-j ,u nj/ 3jj___JI __lc 

.__VUJI ,j^J 


-SjljSJI i_lj 5j_JI oo 


j! (jj_>j_- I (j y\ 4 i iii ilL _hjj (ji 4jj $ i «I «.jjl jjlni mj ij_«Vl 4 iij ii ___ 

_j_j| ij__ j& degeneracy j}L~_jl jl-kjj <_? l |_jj_»_j iin ( __l_. j.<ClC •_* 4_>U_Jl 
oVUJIj ./ j n _aLJjJI ____. j___j E n ; ___.U_J1 _,L_ -Hi ^ *Luj -,^1 
l$l (jjSlj (__. __>L_>.'-1 / j n ijjJjJjJI ,j__j L^Jj 2/+1 ______ (___! u n ^ m 

<--]l 4 ,<i,„^l 4 TJ -;n <___£]! j_J__tl jA J}U_VI I ju- .4-_U_JI ,jj__j 
J^LjtjVI t inij .«Ls-jl (_gi <___) 4_*__j (ji I _ X «l j L eJjljJI l_Ij_*__I 4j_»_> (jL u i n ii" 
.jj j_JI (___ J___i- i>L»_l 4j _>_J (jjj-jil J^-JI (j^ 4rtjn^ _>- ITl^ (__£■ _-«-JI 

_.VL_-JI J-Tpjj , -,rl .n ___-_jSjJ1 (_*_J1 _jl_JI oi^cn^li^ 

_jj_j __j__ . rriy j) / _h.j.«X11 ,jj_.JL_JI (jwo _Jj ", ,~, - (jnjLja --jj IjjJ I jU-v -I "*■ ■ ..t I 
.(^jjju j_-_i ____ 4 ii I" V a _jL_U_ (4__j <i-*.U) 4___JI aJJb ___ _jVL>J1 *-j-9->J 

JjLjjj n jljjj <-,j-m ._jVL>JI (jru j j j-i'ii n __l_jj« « _j__ JL>JI .j-Uj _jVl j 

JJuJI 4_>j_»j» (jj? - J__JI ijjj (jji (j_o <_)j_t_u _>_>-- jlj-3 jLiejl j i"i«jj . <L_Lt_JI 
. *->L_____>VI Jj_, in _---J Jjflin"1l Jjj-3 (j_ Ijjai - 4_>L_> J_l (jrtJ__J ^j^LII 11^^ 
./ fS_- i rtl"i->J. 4 n.iilL n __nl| 4 iil"'r a -_l )l i",--L LjL_-I aLl_JI J ir-in i 

\ - min J - - r - ° 

oLjjIjl_-L eigenstates (3j_j_*il) 4_uljJI __VL-JI jj ,."<H J____j 

:4_J_JI __i_J| L$j_ 5j_j_JLl JljjJJ (jj)_j ^jjjS 

V m/ =R n,/«( Y r' <M). ( 5 - 13 > 

4jilnn1l 4jj1jJt __3 Jljj ___j - 4jjj_JI 5Lj_L_I j_JI _j}L_L«_1 (j_>___ __j_- 

Ji-jL. L-jl__ .L z j L 2 (j_- J_J 2j_L__. aju. J_J1 ojij (jt - <t> 4j-.o ,„ilj 6 
a_J___L_j 4J_L«_- jL-_jJ _>__JLI (j_> -_L,-»j (4. 1 ) 5j_L_JLl 4__i_JI 4J_L_- (___ lj__ 
5jj-__il __l_ i rR V j__Jl J__.L>J J___tVl ji ;R 4jj___ji -JIjJJ 4jjL_i.i 

d 2 (rR) 2mE 2mV (r) 1(1+1) 

— LJ+ — (r R) = __^__1__2 (rR) +____li2 (rR ) (5 . 1 4) 

dr 2 ti 2 ti 2 r 2 


-jlj J__J_JI jl»___ . R 4jj___JI <JIjJI ^k. I j n (_rdJjJI liaj^a Im^? jl_J 
0^3) 1 <S3W iwSJ^^I _j_JI ,___ (5.14) 4jj__JJ ,>__»JI _Jj__JI 

!_«_____, ___ JjL»JI j omj .(-__jL_JI 4jjL__U ,> j-^ V ___UI .m, _> 

• E^E-/ J^Wi-R^R-/ L>P i (<U_>*J ! n_-^jJI_ T »SJI JJuJL _*-_uJI 
Jl^k ^V __«L-Vl *L»_tfl _> 4jjL_JLl oju_ Ja. __- L_* JL__ _J ,_l__JL_. 

4_>.l*i a 31nj ..._i 4 jljl-»- Jj>L>. -->•>" V .j_-Vl 4___i___- ,___ . V ___-__>. 

jt 4j-jl-_ J>_. _-JJ _-*-j _>J .4_ ! ____l > !l 3 j o 1 __l_ __VL_>JI 

JjLso _j| C-jl-.j IjJ i_J___alj (_jL_ .-Ljjl ^ljl^o J>. J^JJ I <i"ij>. _j_J . 4jjjj__> 

.4_*_,^ J_f_JI 

_^j_aJLI "l_j_JI 4jjL__ JjLo radial equation «4j_>J___I 4JjL_J» __ ■ ■■_. La _,l 

:4_J_JI jjj-iJI J-a 'V(X) J-J^^-- JL>lj J-tJ(^-Jj----pji. l? .l4j_-_JLi 4_____J 
j_i_- pj "II _JJL_ _-_> J-J-JL. j j m?_JI .r j-jS-.ILj X j j i~U J, I i * . nj ( 1 ) 

.rR l_ij___!I J__»L- 4JIjj u (x) julJI 4jjL_i Sj^JJ aJIjJI Jju___ij ;_____ SLJLmJI 

__jaj ______ ___jjL_j r _) J 1 __J___> _/l 4___j Jl_c 1 ju- <_jj___JI J._»l.-- ___.jLu _)l i _ i-rj 

£_ .X = 0 jJ_. jlj_>. _!__> _,_. jJ L__ <^jL_-Vl j__1)I 4__L .j__Vl I j__» oLa f_i 

Jl-JI 4__L - I j_k .l_U_ <__Jj 4iL_-VLi (2) ,J___5 4_JL_JI jjc. ^uJiJI _;ju ___ X jaij 

V(x) + / (/+1) "ri 2 /2mx 2 4_j___JL, V(x) jl__>JI J i I jJ L__ ._^_L__Vl 

.SjjLi. 4j}£jj> Sj_- jJib JLcj JoljJI JLsJI 

Bohr j^j _>- £jl> ,-__JI LS_l_L__JL t __ J _____JI _j_L___Vl j_> I j_* 
l__j__Lbj i j__ 3 __j Lamb shift f V 4__-lji __JI _JI jjj __JI j__>_ JJ( j___ 
_Aa.jjj.j4JI "ji the one - electron atom _jjj__jyi Sju__j 3jjJL> jl____j 


_5jl-_JI_JI5j_JIO- 


J_>-lj l jj_>_'_!JI (j_a 4jj£Ls 4_aj t-i i a _jl __*- .hydrogenic atom \ 66 , l_«j 
i3__~lj 3j_a -ujjil y>j jlj^lt 3jjj i4_l-lj_-»JI (j_>-jjJu^JI 3jj Jjjj :3jl>.Ij SIjjj 
j_>o_Jj__- *|JL) _*jjl mJJJlU ---1_JJ 3 i milLi . I ji_L_>j i(j_->j-« -Jjjil ^J njlll Sjjj 

____o Lcj | j ,„!;« _>L_ .jjj-J 4 oj.t nll («SLII 4jjJ_j <___ L__ ij-SJI K mKj.« _J* 

I « j . n-> . ajl j "r L> _>jjj___iyi -_« ,_Lj*L__Lj -d-Jjj i4__j__o -jlijin -*."> Jji_j _>? 
jL— jLj (_$jj>J lj_- jUS*i Sljj jj.a __«jjj_jl i_jjl-r"ill . U".'-, L__>j_a-« 'jj . V 

,JL_J.I Jj_j__, __ic . JL>. 5LjLi >L_«L5' L_.L_jI (j-J 4___tj .4_ij__j__*JI <j_« hjjj-3 

___ n-jjj—JI 4— .j__u jl J i_a __)] _>jjj__jyi -_Cj__ £-}J-° ■ U . „j~ * jj_>. _rtJ 4j__jJI 

_j-c lj__j . — — _;jl ■.."! '_ry>-jjj i j 6 W SjjJ ( ( __j-L__ f *j , l) (^--oj^l (_$j "i miU 
137 " ■ " j" 

Ls_> ' 3 j j « m 4jj i mill — -I ~tj-t _>j_— > (jl J-"ljJ jJj-jjJ _,ii t v" 4_>-jJL> j j i i<-> 
_JLjj*> _>l (OJ . LjjJLj-_J __)-—« (j_-4J 4->.jjJ 4-jj-_> i'i i njl LjJSJ i4--u__-JI ___ __* 

oL__>___« j-Ju V 4_lj jl_- ___ Ijutj .spin L_J _jjipSJ>U _>l> _,.*-. *--> 4*-j"-. 

3_j_wjj- _;j_JI tf___ Jlo _>_J . i___i!l (__Lc 3_L_-__« _"j_ i__Li_ _>_J j«J Ijl 4_L_JI 
J_)J . 4jj) j i uill L-iL-rj-c in"ll *j_9jJ _j jJI Lj_ij_-j jl JL—JI _] ■ < '■ ■ — J__-ljl i~> i-r"tj 
_ , JL> .(jjJjj-CJjL! L~L«J 4jj i i ■■ *i 4J_Ll_o 4cl jir-il _>_Lui_M J-—-J _>t «-JljjJ J ■*-.** 
Ij— jij" i ii a (jl_J . _K* J n i « J _U i"l "■ a J-*— ■> (_Lc ■"■! — j- • ■ —'^ tf jjj> -_a _LaLj_JI _>-a 
<_j_JI (_"j-9 4 t j j U J (jjjj_j_Liyi i__J _r— ll ■ ii a <-iI>JJ (_— — -— 5j — jIj! j "i <* Lj I j_4 _,_» 
_>_J . JjfcjLa _L*_J 4jJj__a jjja 4iSl__a ^jL-w^I |-,*'" 1 .'ilj . JjJlj j^SU (j__Jj_9 
i4jj_t_JI -_>o 4_5L_l_Io __Lj__*Ljj Jj—J-J i. ,1 , nj I aLqj 4_a_> _>— _ («J _ I y ' 1 1 4_wj_9 
_JJ Jj_>j_JI Jj_) -JJj JL-J _pjL__- (^JIj--- -Jj_t_j| oL___L_JI tfj-_ _)Li L_«ic 

L_^Li_jjjj_4_JI _;jL_i_« ____ L_£jjL_ i-.l a"i m.Ij .4 n ,«\ -- 3jj_— -j L__ijjl_«_ 

CjjLS" l_-_ i_j_jjj_-JIj _jLjjj__J3U (_$jj_j_JI __a_JI JL-JLI 4jjJ_jj 4_j-aj_«_-l 
_>_. Jjjil _-5j_- i_-j-_ij .4j,«_JI 4jj___JI <__ 4__il Jj*i- 4-iL'lo-i Jji>JI 

. juj I o A -ilj 


p_J|_jLS^U_; u __v 


jjj_-S_l c> U>£" L^ 1 3_>+--SUI 3j jjl _Jj J___i_ _*l L.I 

(J_ujj l_3jj_.j . Ze l()Vc»- i"i 4jju 4jUiii 3ljj Jj-«- jjjLi -e 4i_*_ij m 4_l__ jLt>.j 
Ui_ j n mll _Jj ,U. «j_ ,V(r) = -Ze?/r __» (^jJjSJI j-a-^JI . L___j-_« ___JI 
oL_L__i! (,J| Ij « -,„ ■« jjSu 43_t_JI ■____= jl I j__J .3j_u_; r 

j- 1 ljj__j .E < 0 ,3ju_J.I _j_'L>JL, J___3 ,____. L_9j-_ L_» LUSJ .E > 0 «4j*jII 

_LL_J! ,__. (5.14) j (5.13) ___J_Lil j.jyT-mM j? L_l__-L, jpj ^j_> jl^JI 

JjL L$J ,4j_l_ 3 j_» -jjjjjij ,4jjJ___I 4j_L*il 5_IUM 5j_L_JLl 4j_x_JI 2 tt . ,. * ._« 

ill behaved *_____ -.jL* __l_ Jji_-JI «___ jSJ ,E -J-LLJI ,«j_3 _>_ 3 ni '°> ^V 

4_jjI j |«j-9 i_jI j 2 » " ujL-LLa Ju_. 4jL_ ,i_JJj »_~j . I j >jj-u ■ * * 

,_______! __uJ_ j^-jjj ■ Jj ■ a « j__-Ij J>. lJLla jjSL eigenvalues (3j-j__-) 

./ t ijljJlLJj_-_Jl4^ (d _4SJI _j_JI U__^L JSJ 3jJ_LUI l_J___l JIjjJIj 

jj> Ujj N <Sj-_ ,N __>j__-JL> 4_JI j_j___i __l_j____j> JJj L___3j_- J__Jb __>_- 

^LkJI , « M\ -L_*jj jSL*j jJjJj. . / 4 „ jS_i I a . o I j__L___ N min = 0 

:3jjj__!I __L_ / _____ ____ _JjJ 4j___JLi 3ju_il 4_j_»_J 


Z 2 e 4 m 1 


2ti 2 (N+1+/) 2 


N = 0, 1,2,3 


_L-_L>. ^ljN j*.-- j-y <n\\ _vj_Jl_JI _____ l fl- .-. 4__LL_JI jt J__w. 
jj-SLJ h n a j_tj __-_ n — ■ j— - i r-i _-__> _Ju_ lJijjjl) I i i^ <i_i lj_^J .J___3 I <i <)« fl >■ 

n min = ^ + 1 i>« ijL y __-«-« L _-«- : 5 ; ■ -n -__=- , n = N + 1 + / 

j_____JI jus / _-a<ll JJl-JI Ijljj , n j___~ <____ _Ju_ 4 j milL) . JjILi . IjLcl tn* 

jj_3 £j___jil _>_. _hj__*__I 3j_u>.Vl 4__jjJ_JI tf j_^j . / max = n - 1 ^ 
^SjuSII 4JLJI oLili- 


hSjlS&JI _JJ 5j _JI _M> 


_,j__j n ai ~« <_> « < »1 a j ,,. ilbj ,n = 1,2 , °o <s , ^ 

.-J_t 535LSj SjJolill 5j^j_^JLl _>VL_-JI ^lSjj ^ / = 0, 1, 2, 3.., n-1 
E R __L_JI . dogeneracy j:>__.}_! 5 V .,;IL ____ji,l J___.V . u n ^ m 
_j__JI (___■ L___? J!vL__l jj^wj 6i VI .m, ,^__JI _jl_JI ^.ic i o -, .-■ V 

_>->_- lj_£_. • _-_!_) ■ " » H _S>^>--I ' 4 j ,„ilLj I jii iox (^..J / ____l 

o— _u 5 _.__ 4 , n.ilLij ._5jy_>JI -jIujliIIj ____>Jj)_JI :_>j >_-*!L 

{y> m ( jjuJI ?juj / _J__ J__ J , io>L__l 4-r ,X^JLI ,»j_JI / ji-L o\ 

(5jL_II j-j— ■) 5 j .^j-H -JL-JI _;j'i .„ _ ____ij .S-jL-a-^JI _ilj_i_j / __JI -/ 
L._-_c,j ./ = 0,1 _. _-■- / j___-L n = 2 _,>__-_ L. i ;rj . J}L_~jl 

_)j_j L>Jl__C Lal .2j__l_-j -_*j_3_T j__L__JI _Jjl __j (jl__ / = 0 _)_)_J 

}L___ n = 2 -_a__Jl _?_,-, , ,i « _,>___ /VL*_J .m^ = -1, 0, 1 _,Us / = 1 
J>L___'L_ .4_-L_JI -JL__-JI ;-i,„l J^__l (j_- - .< <■"»__) -«-Ij^l <L_jjI cjJi 

(j_a 4 -r j',ill _>j__ _____ J_____j ____- .d_ = n^ j_ j__L_JI . ,. o II d^ 

_>__ .n-1 _____ j n _>~ i_ju / <<____ j_J 2/+1 a jo< II <____-. _L__L__ 

jr^ '■_■ r_J _jVI <__—- ->bj_j L» (J_> _,! j_____j _)( i.-rj ^\ in" ,„ a jJaJjL 

._,_jj___iyi l__j 

: Ij_v - Uj , .. . __j_j ,____ a_ ! __sj_'l 4JL__J ^-j-wjJLI -JljJI L__ _b-_j __j_, 

_____ a B P 

U gnd" U lA0 = ^" eX P(- r/ ^ a= Z ' a B = me 2 (5J6) 
__! .R| ^ -__>__]! 3JljJI ^l aTJLi j__ , ________ ojIS _____ ,jjl__JI J--JI 

4_LL_J 4jjI ,„_ E j--ojj -_jJ___JI -J_L_1I J__j j-_-M -_1i__- __3 4j| -_Li_V j_Jl« 
(_*_>• (_3 ______! Ij_ij-_a (jjr^ ' r S-^d^J L-^-? _L— I (j^iiijj) . 4_j___>j _M -JLshJI 

Bohr radiur jju j___j _____J _jjL_u_j _;_JI a j___«l jLJI _?jL_j « ji__ ____ 


r <n.-.i_< ; ...i !<,_,--■ 

__fl _)j__ \ o.l ir 3j jJI {_-—>■ j j j i " jj . Z 4j£jjJI 4_*___JI jJLaljL I *j ■ ■■ ~ " 

4j__j_1I 5 n jiill jl i *j r I <____J.I (jja (jj£_ ■ / J n _r\j,»_JI (jjjjL-JL "j^g_jj» 4JL>- 
Jn~i«j 4JL>. -aj_>-jJ Jl o"--l _JL__ _>j£j •_>- u J— — i_>-"lj" a*' ( — ) 

■.^jb n "l"j _-j 3LaLU <_rj__J. 5 (jj£3j .____ n ____ ,_a_»JI jialjL Ljj_> 
<y) n =l/n 2 a (5.17) 

_~ j " i ii a __- SjjJI («-~-_- (jj^J ijl (1>^-*J o-"l J iill I j-_ <— — "• L_w_-j__-Ij 

jj_j j_L__ i mi (jf <___ 4_l____II »_- ,(n 2 /Z) a_, jjk n JLpjJI ^j "l_L_JI 
.a B = 0.53x 10" 8 cnij-i 

4±__>ljJ, jjj____) _,! .ojl"i"i m VI J j . ■ ■■ <___ i_L_ ljL_j____a (jj—J _-_ 
"jjj -____U 3j\_i_ai 4 ajnll 4jL____ Uj_^___l I jLfl . -Laj-I 4___Ijj oL]V I 
Ze 2 - 1 - - ,U - -g ( j_ L) ____ljL. j - " U.I J-_»_ jj>-_n'1 4j_L_-i 

Z = 1 ) _flj___ _____ U_? (^i . UJ _Uji V "ij_Ji 4_=___ . ti 2 /m a , ... ;i lj 

e 2 jl_ .ijiLL. ____ SjLlc. e 2 /r <jl Ujj .(jjl ...^^jL^il Z = 2 ijj^jjju^Ll 

Igl 4___JI . [__aj] . [-____] _Lui 4j .JL^L, ___,_. . [j^i_] . [4_U_] _L_ji L$J 

2 

_l (j_a (j^ "'H 1 i i< «l J — -I j o^ll i>j__ (j_j ^«i ->»1L . _L-j| 

2 [Ji>-] 

:"lji_ji _l_jVi U4J (jjjj<:j-;i ,j-___-ijLJi 
Ze 2 = [-_,__] .[j^L.] [ ti 2 /m] - [-_,__.] [length] 2 

j__ 4J| ,,iU oj -> ___fl Jlj__-^JI 4_)___JI j__oIjL jj <j _JJj (___ cLuj 

jl V| jLi. 4_L_JI oIjjh--- f Ui .j-Jj (Ze 2 ) / (ti 2 /m) = Z 2 e 4 m/h 2 

/>__ _;jJI j___)l <___c »4 j «!< II ojut (__ 4jjj_j____ 4_>J__j _ l_lj__J _-jL___ 

ujjj in- (_;_-»j V _j_- _JjJ- -_v L^J 4_j__ _;V (j3_j iJilL . (5.15) -J_L_1I 
_>__« I j_k J_ . L_L_i lj_> jjp jjj jU<i _____ 4.«j.!_jj . "h 2 /me 2 5 1 mill ___ 


-_jl9_JI_JI5j-_l,__ 


_ljLC._l __Jj _L*jI ,-J} 2j_j_aJ>l ^_^_j_SJI i!L___a Jj--*-" <-M-r.i ■ 1 ' ; ■ ■■ ' 4_-_>j_ 

______ 2_____1L _L_j_L _jL_*>L! ___U- -_!_>__ ^Lj. j_-_l- _;jL_JIj .__,jl_j}UI 

.<____Ij_JI c_i_jj_ll 

4 fl m mi k-iljj _)Li__.l J__ -j^L.i « 'II _v--J 4 mi «ll ia __J( J_*j j^l L_._ 
____j-i_-jil £_> LLaLu Jl_J . 4jj_ m i L_ljl_-I j_a _L.l «'II (j^ «i tj '(_""*■ JJ 1 
i4_j_ SljjJI — Jj i ~if t j . JLsJj ^ _i mi 4J| i y a £ja (JjsLljj L_> jj Lai> _) _'l (_—_-- 
(__x-jjj_. JL_*__ J-J--J- J-j---jJI L_jj_ _,L_j <4___JI 4_jj|_$j - __)__ jj La__j 

1_L-L__lJ.I <__ U- (*__! __^L__u- ___ ,J___JI (>___»_ .jj__--VI 4_^_ Ldj____j 

4___JI ((-->L-) 4j_j__a_-a jl_i___VI (___! JL_-Jj (jl 4j Jt j mi) (j-Lu l 4_j__ ! __,>l_JI 
j_a Vl _!J_uj " in> 4 t _i iV-i L4I SjL___a j_a _, « _i ij LaJ_ _LL__JI (<k_JJ 4jjj_JI 
< I <i g ijj 4___>LoJI 4_>L__,I <--_ _____ , 1 a~ «~i (j_a___»JI (j_j -j_Lll __iL_ l_l _Uj_> 

__!) .r. M,j _ -_____, t( ___ J_ (j? _i»j___ _,! VJ Lul_. Laj ,L__ JL-JI (__> U£ 

...... Tij .SljJJI j OiP-jyi 4J__ j_Sj-a jLLI __)! _r>_J U-lj c_jl_ J,,, j__] 

_J1 L;L__ (jjo ..,-.11 5JT „ J>i*__ '.jU-yi _U_ __IJ 4_-U_JI __Lj_____a 

• j a ~- (__- m 4___I1 :__i_wjj| j_ijJ__JI \jjt jl ■ 1 £_a Jl_-IjJI p ■■■ -.H -J____a 

4JL__J. reduced mass 4Jj__UI 4i__JI ___> ____l_i.l 
m M 1 


m e + M„ e 1 + m e ' M n 

jJ___t__ljVl _j Ujj.sIjJI 4___M„ j (jju-^^l *l__-cr* m e >^ 
.ojj_-^yi ^ i>~- G-^ ' "'"'V' ^ atSHI oLa «UL-JI (>a T-o. Ij_j__ 

j^j .(jy_jVl ___ J__-lj <;>_>- (j_- 3>-JI -A_L>J ^ 'UJ-yjj' » j ^ ll 4 ii i . il L (_-__ 
___,, __)_____! (____ _aLa_ _)jj_L_ 3 _.~_.UII _jL_j|jJl1I _,_ _rj_____J,l _,L__ i ■__-__ 
-__j __j___ 4jj__iJ.| -l'.<tl jjjLj L_La__i l_l ^JLil J;; ■■■ <_--- ■ -".II I j__ 

4__l__ 4J _ij____i (jrya.Jj,> j gll 5jjJ 11 = 1 _;j ' .nll (j? (5.15) 4j_L__il (j_i 


-AH.-. I _A.. 


3j_--Ij Sj_a 4_ ujJJ j tj _tl Sjj (___ n = 2 ,__"■■■■ 1 1 ___L_J LaL_ 4__jL__« 
(jj ,Jj i«jjj» ^j>»j J— »■_•! I jUr cjj-^Jo cjI iri^iLjj i_IL__. (j__t . (Z = 2) 

(j_j _a!v_____VI i. j J_j__l tf J-* Sl__j <_L_ __ __-_ _; jJI j_ 4 ... n\ «jjj» 

.3j_Jj Sjjo 4jjj-l ^ jjljaN j u^jj- 1 ^' (j_-_— Jl 
L$__ __»_<_ Jj^cl oLijj-__- (j_. j_____ (__, ____i___JI __l__j_L_JI _,J 

-__L_J 4__j_t__JI _JLj__JI (jL j-J-J ._Jj__J)?l 4jjL_-I SjjJJ L__jJL«_a ___ 
:_,_ .(2.14) dJjl.JI L__J_ < p 4___>_ 4j«<j ITl _",l-,< p : .- r 4_j__ 

K = E-mc 2 = \/ (mc 2 ) 2 + (cp) 2 - mc 2 

. C _j___JI 4__ j__lj 4_jL__* yjmi-^I \) 5 J __i___tl _jl_j__l 4JL__- (_3 

cp 

5j_i___JI 4, i,i ;1I <>j__ __<. j_j__JLI (__jjj_1I Jj___Jj ,d/c = «1 _,_£_. 

mc 

.*jJLI .U3-.l__ .K= p 2 /2m 4___JUI 4jjL_il _JI 4_j_=JI 4_L_. Jlj_,l .^LJj 
j___ __JI l__ J_-_>J ^jSLcjj . p 4 / 8 m 3 c 2 -j- „v,1l j__ . J_ ,_Ljj__ (__ 

La — - _______ 1 (jt | i « , n ^j—jJj '.4—1 t-.lt SjjaLI 4 ojiill 4j_L_a (_ - __L— _- jjjLa 

fl__ r, ,,„•*. JL-J .4_±jj J_t __1J J__J 4_JL> - «IUH 3j_l___> — jL-ljJ (j__ 4jJL=cj 
L^j? (j_« («_jJI (-1- .3jljJ_«JI (__l Kj'i1— j_a J>Lj_a ___> J_i_) (j_a _j| o jo ir-i'itl 

4jj ,.„;tl 4_*JL_JLlj .4*jj__I __ l ___ Ha jLLJ <__ Ll,L__v J-_JL _____| 

(jl (___ . L_jL__u L_L_>j L«_ K.'JJ V . 4__j_J jl 4la—> (j_j («J (j__j^__JI _)_a mJLi 
.j_ii__ _jIj___l_I 4-1 __L_ (-Jj-*! 4_wjjJL J~L_i _l_ (_5j_u_JJI jt_i____JI 

__JI _V ,jL__VI (_a iijj (jl __LJj ^jJI (_jjj-_JVI l__II _Jl_* _! ^ 

j__Clj .4j_-j-_JI 4j<jiKjI,I _j_'L>JI SpaCe jj__ 5^Lj <___ _U_j 4'njn,-w ___3 
< ( _4_l L_J Cjlj _jVL_J (__L_iJI _jo T -tl ^j-w. __JI Cj^L- 

4_i_jj ijj__>JLI _JJj JjJo (__. «J__i_l (_!!» i__Jj (_;jLj___>.| Z La jj___a Jj_i 


_Sji9_ji _ji SjiJi __. 

_4_. m s = - 1 j m s = + 1 :(4.24) aj.LUI ,__ 4__j_-__l__JLI jj__jJI 

<jr}__L_ __UI J-JL__ (j_- J-_L__> _,? '•■•■<1J jl <n V-l _>. JL__>J.J .^lljjJI 

cUrti j^i «i-». __S _---l _-tl *^»JJ OiLH^y --- L)^ U-^LH^' . >L J T (jj <ip mlLi 

4JI_ __j» = f (r, t)T :Sjj___1I ____ ^jil 4_J_L_- l-___. j_.j__i ._l j__1 

JL__-VI 4_.t_.Ji- (JJ.UJI jnntttl LjJ f*f «iya-j .2__-jl) ^jL^ f _,l__«_JI 

(> J____l _-JJ *_? __UI _,!__ lijj ._-__,! _^JI 4__J ^jJI (jjj-__J:_U 4_j__Ij__JI 
. *P = g (r, t)i :3jj___ll ^ ^.jJLI 4J_L_,I <_■•<; L_L_ _l j_J1 J___i j^*» 

:3jj___!l _--- La I _■-»■_. I <_i 0 -o <LA__J| 4-t>-jil «UljJI _jj^". ■ ■■ iSLaLc *jj ■ -\'J 

¥ = af(r, t)T + bg (r, t) I 

Jl «--..I L__l___ .a*a + b*b = 1 __!! uLjLx__- £__.!_ b j a __^_- 
^ b*b g*g j a*af*f Ua Ji___i __J1 ___J1j ___cf _JJ ___J o__4__1j__JI 
4J0I „11 ___> (___,! j_ill ^__>jll ____ 3 i oi «II j_l_. 5j jhmII 4_JU__-VI .__J1j_JI 

.a*a / b*b 

_J 4j1j_JI __3 _>_>j____j 4-_L__J 5j_j_aJ.1 4_»_u_JI -Jt , n a __)J _)_M __->-j-J 
_,__ ___JL Luu . Lj.f .cJJJI _>- I 0-1«-. V _tjj-_-JVI <____. SjJ-JULl 3j__JI 
.(jjj__JjAJ 4j__>I_— - _.__l>-j _j_a («CjJI 

LJjLj ._j..l_._ll ______ -_jL_>-}_ ajLTtr L iS i__UI (jj-j _Jl_-JI «j__ ___,_ 

Jji- (____ S 4-j_jJ.J 4_3___J 4_jj| Sj^j-- _J_L_ jLssjJ L__Uj j»j ____oj t4__L__JI j_« 
(«u (__lll 4_____J 3 j j » 1 1 .1 (S_j__tl _jl -___lj)1 _j_a . jLi-a Z JJ-»-.l ijSLJj 'JJ-*- 8 -Jl 

VJ .jl_i'if VI ____ __D1 ___-ij ______ jjj" _J __I1 jL-cl _.j_ I <.jl<~ Jj_i___-JI 

i_jLj__ __3 Lul _j_>j_l_)l .Ij-iJL-^jj .1 n « inll (jj^yj 1 1. 5j j «II _jVL»JI _J__. (jl 

Lul_-j .E 4iU_J Sjlimi u (x, y, z) 3jj-JLI 4JUJI Lj_>-j j_s __JJI -.IjLlcl 
(j_OJL_- ,jVI (jLj,.-., ui j uT _h» >L_ ,jL_ ____,! _Jlj ^-Lcl _JI __UI Lj_icl 


. ^j—j—i .1 Q -v (__ _Jj f"i <i p j i n -Jl (jt (j_i_p_0 . E _S__I ,_>— — J I <igl tj_j jfl - 
.L^ j :4__L__J (1)^4^' U^j-_— -° U— JL~ *J Oj^" 1 iii t-oJJI <-jljl , "i f I JL__L 

-JL__ SjJ__JLl -jL_L_JI ^ E n>/ jS-J .u n / >.^L L^JI _j__t 

.(4jj_j_U -_*_-*»- 3 i i nH L (--OjJI- I j__ ,ji VI </ (-3 J}L_I Jl_vj_> o^jjJ^JI 

4J_ e Luj ,m Ll_sL__J LIJj lj_.j _VL>JI ■ ..-"C- ,jL___VI ^ ^JdJI __ -Lj 
^JI __DI U j_L L.jl__ , JLAJ.I J_li_. (_lc . u n t m ^ m Sjj_<_JI Jc j__jJI jj£j 
SjjJLI 4J1___1 4_L_- 3jj___ 4_il_S' jj_£L»jj u n / m 1 ~ u n / m ^ - ri ~' 
(j^SUI jjljJI ^Jc 3 j <',.>« j_j_c u 6 q -__>L_J1 L»i m s = - y jjSLj L_jj_ 

• m s 

.<___! _jlj^__. Cr l_ jij3Vl«_l_ IjJj .l_1JI ^J- -___V -^JjSJI 3j_l 

<Ul_ j_ Lo __J_ .4 jiijUll _)L_tjjJI Jc\ ^JJ __II j-$— J (ji jjl _iJL*j i_i_j_ 

_JJ j*^)U" , n"j __Ltl (_J_ 3j_jl_4 _fji. _tj->-J *JJJ — ' 3 LT^ (jl^"l 5<_a_>JI (_3 

«__jl_ll 4JLJI .-L_uVI J_ll__ J^. <Vjt J_-L- .(__JI J}L_VI j-__ (jt _U_J 

Lj_i_ _jj_ej Ls j_i___j <La i_j-j_- - JL i->- cy^ -->*--<> SpillleSS __l >L <jjJ-' Sj ')' 
(— _^_L_JJ JL—JI jJJ_i 4__u . B ^___e> (__J_L_t_- JLt_- JJ-ilj ■■"■'*■ * L__l >\_i 
c_ijjL_ J_-__ J-~ (.■..,-JJ l-—_ tfjL__.L> ■ ___-) 3jj_U 4_o_JI 3JjL_a ^ (__=.! ,_]] 

„Uj ,,ij"ill _ ajL^ij . JLJI »L>_I Js, ijjljJI -_)j___JI 4_lx_ 4-^j-aj B JL>_U 3-u_ 

<_3__| ,__ej _|jJI JjJjjJI J-JI I j__ . JLJ.I tfL>_l Jj_ ^,1- l—9lj Z Jj^JI j ;""- 1 
: j_ (4. 1) SjjJLI <Uj_]I <UjL_ (_a V JL^JI (_]( 

-__L L (5.18) 
2mc z 

«4jj____Jl.i Sj , oll 4 o , nll 4j_L__o Ot (4.22) 4_J_L_il ,j_- ^j-i 

Sj_j_J.I JIjjJI (j„ n'i L^J (B JL_J.I jj_ ?-j (__ 4_JjL_.I J\) perturbed 
JL.JI j_j_j V .unperturbed ( (4jjJ___JLI >j__» ajjLJLl ,__ U__ u n ^ m 


lijljUI __!} 5jUl o» 

"_il__~ <eB ttny 2mc jL-Saj -Jj_ <__JI ___■ _jL_L_JI _j_J <"j_;-*il Jl jjJI 
___ E'_ , m/ 4__U_JI ^Lm,- „■ « _t 4] . m ; _,___JI _jl_JI (__ _>L_-_I I 
J-jjjjj rn^ _J_. ,i 0 * t*i (E' <__j_>JI __L_l 3J_j___j L_j_L»j) JL>JLI -j->j 
:*J_L_iL E n { 4jjU,MI jjc _jI_U_JL 

E' = E . + £_!_- m,. 
n,/, m/ n,/ 2mc / 

Jir»<in ^imjUL.II JUJ.I L-lL_ ___ ___ _l£ ^jJI 3_.L_JI _;ji__a 

ljj_jj .<"__*_-_ oLaL-J (2/ +1) sublevels <±a j_ oL____a <"_.j_u*_a __II _ ) 5 _ , l 
' j<<t («_JI ____. 0 <i 1 ,n La LllLc. <LLa < j-j-bJI I j__> -J <jj_o _,..'jUI;iU JL>_U jV 
-jLj* 111 « 4__lj| _-\^-uj .(_$jI-lU) u .i.jUI iil,l !____!! jjuJL _sjljJI -_!j_*_JI 
.Zeeman effect «oLjj jj_L"» ,<u_L 0 i,ijUI;; a JL>__ _j. "jjjJl -__U_JI 

j____C __9 ."-jjJ-UI 3 ja<ll "ojJ-III ___ L__9j__a J___JL _,__ «LjJij L» J_. 

_}L-~ ^ L1_-Sj (j_alj_ ijjjJI «-_-JI ■ «' ■"'■<' J\ __L!_. spinless era ___J}L!I 

j-jjLIi "____JLl ...'.tlj _j>l___i| jjjj Ljjj_>. (3*1 l'»l <SjL)JL>JI ,<-_JI 4jjJ__l 

-__-.j_._l J_5 [«-Jj-UI 4_j_»JI jl] <__UI "_<__^ <___L_j .-}_-! JJ-JlU _Luj 

(5.18) 2J-.L_dl -.(^L-l j__JI _J_ «__UI -jIjujI* ^j-r- ._j!>____J .j_* J_>J 

_Jj_>J 4-j-a--J _, ...jUI :i * JL*-a _ru jjLJI __a ' _; jJI ~l_U_JI __>. ■ ^ ■ ~* 

__j__ _l I j t j jU jjljj -_iL_ .LD (jjj__J!>U _,! ____oj____l |j| ._;jlj_a _;jlj 

__tj_____JI 4 j «<j _, iiijUL_U,I JL>_ll _rtJ JiiL—a j-_ i — Jl— — > _ij_! Lj (jl _m<J— >JL 

(5.18) ajjLUI ,> -j-rjll -JJj L-U* <l__j j__ jaj .(^j-il) ^__UI ^jljJI 

l__j <"uljuJI (___ _-«J->. jl _Jb Jj_«-« Ijuk ,»1- La .L z J__a JM--L ___J 
OJJ_>J [SjjkL-JL "_9>L_ 4j] (__.lj_*L_> J_al t a ____ <_ij___jj j j_>JI ^j-jj 
: j_. B JLJ.I J-a __ill jjUJ >__j-a __L__il __aLL_JI -__ _j_j I j^ij ."uj_t_JI 

eB 

2mc ^z 


(__LJjJI __j_*JI j^_jj .Landĕ factor ^j^i JaL_» g e ___>ljLII u n , ■■> 

.(jjj__JI £a L__ J_l__j L_1 (__!} 
j : - _j__9L__L SbjU.^U _jI___L__I ___J j_ ._,_! 5_J1 ri ^jj <-y 

:-J_L_LLj .jJ__l (j-a _tj_-J_JI M-" 5;o.n'a t 4jjUiMI 

E 'n,/. m/ , ms = E n,/ + |^ ( m / + §e m s)' ^ 5 " 19 ) 

(j-uajl_-a __ j _►_;____ _; j "i ■ n a _>J-_J u " i jU -U-,1 Jl »—.1 l_>L__ ___> 

(Cj—UI _____ JJuj 2 Jj.l J_L__Llj .2 (2/ + 1) = degenerate ^/jn 
JL_UI Jc_u .rn^ (-j-- -___J (^-jLIII J-L__,Ij m s ____JI _____! 4__J___JI 

-jLjj" i ii a 4__jjj_*_o (jjl <— ij Ui^-itl j_i__ i .iU I ju_ Jj^Lijl (__1_, (_, ■ ii jUL__,l 

.m^ j («_JI t_-_-_j <jV_ 5__ij_i _jL_IL _jlj 4j__j_ 

(^ g £ = 2 (__> g J_L_JI 4__x_ _ I jiL-a __3j j_a I jUr L_>j__a -j-__4 JloJ 
*(_-»_> Ju_ 4jjjjj>_ 4_j___> 4]_Lujj <L1 j i n a 4 ajiill «j_s C_>_>j .(j_L_tl _Jj__l JjJ_- 
4j_L_a __a 4_JLc 4_9Jli LjjLHj 4_4j-_)I <jj_s _)1_luI _jL_T L_a_- i4__jj___JI l_IjJ_ -JjLua 
!4_JL_ 4_Jb 2 J-L_JI .4J.__.I *_-$] -JJ__LI J 4 ajU.1l _jljL___ -I __-l J_jj l_I jjJ 

_j 4 niitijULl 4_jJI _j|j ljjLcjJI __> _,_! i__j_j _>--— ' i(4j]j_I) 4jjjjJ»_JI 

g e = 2 x (1.001 159652193 ± 0.000000000010). (5.20) 

l-IjjjIj (jjs I mi ij —JljjJ J_al_J — ■ j — . -tl (_3jJI (j£. !-*_>- Jj___JI Jj-j__I 
L_ajl 4 mi _, > a 4_JJli LjJ_- L$j1 i „ - (j__JJ _jIj-l>_-I ojjk .4jj__II JUJ.I 4jj__j 
2 jj_*___JI _Jl_JI _ _l Jj-Ij Li__ ___ !-jj_3__l j_a _aLa_ 4 n ii ~i a L_J_-t_9 
<__ j___l £-a — Jljjj ĕjJ Jjl_ La (_JI JLtjj lj_>. I,> j-v I jUr H-j-S-J "jl.'""*Lj 
.3jj___1I __l__I j 4jj_l__JI CjI JJ-LlII -i- Vjf jL_C _l 


4 it .4 _» J— ^l < "ill _, i i ijj ( n 111 _--- , > o" tj J-»-T ^jjLj J>->-JJ 

(-lc j_ijL_JI l___ I i*iiij Jl-J . __»-jL_- _, i njl-l i t a JL-e_a 1 \ i ili Jt rtj _ 

JL_-_x> M l_j__ ,___ 3 .SljJJL, _>_>L>JI _1___}M _____ <___ .(_JL_JI j___JI 

_)— >j - "ij (jjjJI I J ~-jJ I _, i ii jlnl it ajj ^ II JL>J.I jj_>J __>jl_- _, i n jUI it a 

j^l |;„, J^i___ L_c_ j_J ."IjJU < s ____ J _-.l JUJ.I j_* jjj_-_J.yi ~J 

(ji jj-lj, ___ii "uj i iniii _uj_*_ji _.) l_l_j_ .(jjj-jSjyi <____ (jwiu. 

jjj--_jyi _1J_ J_L__ <__. „W,- q jl^jj V .^LSJI Jm Ml (__) «-..•;■ V 

J->-jJ Lajjj . I__>. I < ij rtU }LjJl_j Jj_t_a __-jJ ji> <-Jj_$£ jL~-~ <-- J___-U 

LuiCw .norwanishing (J_lj j-j_c) ^IMl» V u ..Mt-LUL- JL*_- L__jI 

.(jjj-ilCjyi l__Jj (_,IMjULi-JU JL>J.I <_U_ jrJ-J Jjlj J__ JJ-^J _-J_j j^ llPi 

^Luo . L_y>.jL>. JL>J.I _)L_> LajLlc L_jLl_ ,»L____Lj (jjjJI £j_JI _>___ _v» 

J_vJI jL^j__X<sL$JI (jni^M jl 3jjj-_- __fl J-L»_J lj_4> J£ j-ub (__Jl__>.l) 

:^J_JI «-iL__VI 

oljjJI <JU (>j . V M-^jil j^JI jLjli-l _,__ £ 4JUI __*__. <i*» 

: jj-j (jj-wjjju^II 4 (jj i M i 

j:/ ^ Ze 2 
^ (r) = -223 

2m z c z r J 

Mjjlj-I -Jj ~-"ill 4 j _;j n*« (j_» J£ (-ic Jo" inj 4_j__JI J__ jf L«jj 
(jjjl jjl - ,____ll j_L_JI (_,o i„j 4_L_ . 1 <i <j .i.l j^ j_U-> jj jJJI <____JI J tjjjl jjl 

,___ J_-jl> _;jJI _;j_j___JI Jj.i i"1l jl j~j - ~> spin—orbit interaction 
. |>j i n" - -j~ii" inl _;! I gln ij ,___l11 __jl__JI J_L_j (j-»j«j j» __jL«j ^(r) JljJ_»u 

4j1c J («_ i(__t-l_- _; J_— . J~Lc _7-L- 4j{JlJI (___ 4___u _r>" .V.jt J___- Jl__ 

. -ri-r i^> L. J. Thomas «_^L«j3)) 


4 <, j 311 4J_L__- r,\n io"t UU_ j >y> S-jJjL- 4 j a< 4_3__JI J__J 

L 2 _JJj_. ____ V L$jI VI ^jIjJLI - (__1JI ___Li)l j__. 4__L__J SJn-ai 
j_« (<u _w»j < J = L + S l<j mlj^ (j£L*il _;jljJI _Jj___JI 4_<_i_' <_1Lc_>.I Vj 
(4.26) (jryJjULI _J__I . J <u__JLI ____Jj J oL^.^ *-A>-~ t5t jt J 2 
4_i _o! 4__.}L_J1 .^jljJI _J j_*_J1 4^S ^L_^L> ,'l.n i\ ji j_J (4.27) j 
_jVL- (L.1) <____ _J_JI <__. _j_- ^ 4-L--J SjaUI _jVL-JI l_uj __ (jSL^ 

I 6j o '"') 4jjllil 1 3_> j g 1,1 _jVL>JI _.j_- ' j-tW • J z J J 2 J __« J_J 3J_l_« 

4 j «<t ___l___!1 __>jj__JIj ./ ^jljJLl ^jljJI jjuu 4_<___j_- (__ r m 
(4.28) ajjLdl (>o («Jj- . n ____i_ _JI ,<_CJI _j__j . m. 3 j <L__JI ^jljjl _J j_*_JI 

./=j + y , j - -L VI j_-L V4»jL_-j (/_ / ^jljJLI ,__JI JJ__- _l 

(jl _>_- _r_3jlj _)j_J (jl I i'iK «L (jL_ i^lj__ll ____ Jit-> 3 a ol—s—l Jj-_>-J j»J_— ' lj-__>J 

_jL_U_JI («__>_. V Ij^Jj .rrij (<_CJI j_u_ __J__ jl__»_ _J .n, /, j ^jL_<u 4_sL__JI 
.2j + 1 i-a j:>L_-_VI 4_».j_ (jjS_j .ij___,jJLI 2_M_JI ^__II jIjlcLi VI E n r 
L*___j .n, /, j <__!! jIju_i _>__. 2j + 1 J}U_VI _jVI_- 4__j_____« ^Liii 
.multiplet l_j__u ___- __Li=_l ,LJ_ _ : .,..._ L 4jj__ .nr __a ___J___. 

> 0 -».11 L~i -_;jl j " -VI _;j_-jJ.I ■> <j 7.II _>-L_ii __L_ l_-_ JS _jj___j 
4_>JL_~ j__. J--JLj I j__ L-L-a j_»j .(_sL_>l JM__il 4Jj ._«->--- j^_ __>ajJj_JI 

L-l-a- j -r ,o-ll jj_^_ J^_ _JJ_J .jjjJ-jyi 4__L_-I 5jjU 4jj_____JI 4_p jjl 
J>Ltj| J_wjj 4-jj_L__JI 4_UjJI _;j -r^Jj-S-JI _---> .-JjljJLI - 4_l_UIj «jjjj mill 
n jtl _Jl_ (_i_ 4_i__JI l-Ljj". .„ - J <t"n'i ..Sj - :n 4 j-ajUa.; / <__ 

. jl j" r VI (_3 4_jL_JI — jIt jt ir>"ill j_-l j_~ Jljju J_- (_II I j-_ j <i "1 . nj ._<___ 
- 1 j« _Jj j («ol _;__-! (j-a _4-il n ,__ll JJljJ 3 jJ-UJLl CjL___JI j_Lj__ _VI 
CjI jUV; J («j_) --jlj__j i4_L_j-3 — jLj j" . .. - (_ll _)jLajVI _JJ-*J ' ''.J TJ _Tj_>-i 


JL>-jJ j ^«jj- (jjs 4_SjJ__~ 4 ojiil 4 1 , nilLi (j_-! . j = II - "~- __JI j — ~ ^yt 3jL>.jJI 
.jL____i.L .4-2L--JI ______ / =j--L j / = j + _!_ ,j_ JSJ <jj_^j :/ __-> J!>L*_I 

^jjuc __1_ ^Jj i o-i ,1 V E n _jL_L__I Jl^. oJLh-^I h> 4 --- 

,___L_JI J~LUI JiUj . 2 (2 j +1) ^ J!>L__VI _j_Ljj ..^jJLI c-^l 
^l ___.<> 2 JjVl J-LUI L___j LuLu rrij <__l _.___ - r ___L_J,l J!>L_,VI 
:4_.L__U Sj_>_JI ^1 „ju_ _#! J 2ll*j>W> / JJ--J 4--UJ.I 

E .=zVm { 1+ (Zo)_ 2 (^n_ _ }, 
" J 2iV n 2 2j + l 4 



,-L^_____JI 4_jjjJ1 4 -r j~i> ___> (j^jJ^L^JI _ru_j__JI j-Lat 3jj_>.jJ > l 4 j,.o_JI 

.__=- j t ir-i" j_=- __lj 3jl__jJI (_;jL__ tj-J^L-^JI 3 j j-_____>_t I 4 j 

Ij] 4_i_)l__ 4->.jJLi Ijjtin ~-j~-,,V.1l I ju» _)j_oj . (Ztt) 2 JjJL- (___ -j--.r-i~llj 
j i> I_J>U __ll jj_. 4J_L_- (jjS- o' • IJ^* lj%H* Z lio 1 - 1 - J - Jl u-H (- 

J__-L->_j .(jj->.jj.> J gll 4 (j J , mi -jjjl -JL- _-_J LaL- J__J 4_LL_ _gj j mill 
J}L_)I Jj-wj j__j ,_}___l jj-Odl _,.., j^ijjl __-_____S_ti -r oUI ____. 4_al_JI 4_ti__JI 
_-JjVl 4_j_j_J lLIIjjj 4_=____ J___ .___ _>_. }L____ .j ^l! _"Jl_>->! l J* 

_-j-o--v l-1_jI jo ^ -,t j I ..jLci Sjj__jji 4 ; j .mi (Za) 2 

_,j__ lj_ H L_- Z ^jjjl _,JL_JI (jjS-j LjL_-j_-J--' i -lL--jJI -_ljQ|-.j-..r.-.1l 
. ljL>- 3j_l____ __--.Vl -JJjJI -jl j — jI-tj-t i.Vi11 

j___"l 4_ij___> J-Lij 4_i__»jlJI 4_p.LUI (j-a - -.It-t I -j_3LL_JI _>-L-» jj 

L_c Jlj inll 4 o _ 1 1 4 j,r->j,n->Jl j _1o~i L-b (j-a .4___JI JjjJ-- (_>-L-j (j-o 

_>_oj-__I _>____ L^J JH\ -j^L-JI ___. 4___)L__iJ J___3 _JL__ _,L_: LJ 


,__| OUii^US __«, 


4_«.j (___. . j-ilcl ./ <___! jJl_J 4 ri l".V n (__;_• L3J (j_ SJj .j j n < !< , ! ! 
__w __ J_».jj . (Z = 1) LAa-jp 1 ' .1 n = 2 _|VL>JI lL> _j___«JI 

.(j,/) = (y ,0),(y ,1), (1 ^Oahreemultiplets^^ 

.-, J - .S^ , P 1 , P_| •■(_* cr-H>-JI ' J fl jUtl „j>--J 

,__cIj V v L,_.Vj .j 2__^_ (-Lj-JjJI J ^>tl j— h-. 

./ = 0 JJ__ "j__L_l 4j.<,<H 3JL>JI S _3j_»JI J1«J .__ LfH- ,J_-JH-J 

(jLi _ IIjjj £_j)j (_— _u . / = 1 ____! jjulU "jJ_L_I 3JL>JI p _aj_»Jlj 
3 n j "1L . L_-L_ 3__L_JI (j___ pl j si _*_ j--- 1 igU VII oj^; 
(j_ i__j_ll - j__l 3_uu - ji (5.21) "JjLdl (j_ 4___j_il 3__>L_I 

. 4loLSL)l 3jj _ ■ - ' tl i_Ilj_o 3 - ■ . — 

(jrj___J j-jlil J}L__'I j^_j "u_,L__. j__Vl (jjjL_>.VI (jj__ j_-l 

_il im tt jl .U.nlji ,j__ jU__VI JL_ 54jj_*_JI J^i. ljL_a .p_L jsi 

2 2 

__•__! —JljJJ 1 <j -r i - (<_) .(5.21) 4_IjL_,I _ij__j __a .(jJj i« - II (jj-*^ 

(jjj_b _j_u J_u_L_ _jj, i -n 1 jl__J-_» _J-I — iii " <l Jjl *L_>.j . L>.j___,j j-i-_-t 
« jjj_jjoj»j W. Lamb «___«_'» _;jui __ic (j__ijL___i.l _jg j n j U1I (jr_-___-JI 
J___i j-2j p -j .mU 01 >* i-^! ^L-sjP L_ (jLSj R. Retherford 

(__ ____ -JjjJUl (j__j ._Jj_5 jjO-JI 10" 5 ,j_ J_! Jijl_u si. t _?j___JLI 

'j^" ojh^- 1 f j_j_ti 3J-"ju AE 4_l_ji jjjj-a (j__ jIju o\ u_LUVl 
jjj__I f j 4_al_j| j^i AE iSj .f = AE/27rh 3____l _Uj J n tj 
o^l ^j^j^ .(____ Ij__ .Lamb shift «<___>_• 3__lji»j .__pi_jl Lfjij_Ci)1 

:"lJLc 4_)JU I jl i'' 

Lamb shift = 1057.86 megacycles/sec 


_-jlS-_JI_-M5j-Jlo*> 


- (5.20) 4j_L_UI g «_L__I>> J.L_. j-o JL»JI CjLS L___.j> 
i_wljj j _jL_. — <-_JJjj_i 4J_L___. _____>j__j I «i r .i j tj 4_i ,_, ;« <i i « jLi» 

.>__i_j_j-_j|j l_j_jj > __-J>u 4_p.ij_-ji jL*ai -_>j____ j& L^j___t l*j ___-V 

___ JL>-U -_jj___j (jj ji« U £j-_- 3_L-___>Vl 4__j____' <__._ _J__;I jj-_*_<uj 

__3jJI -_il_>-j_i __ijulj_j .^j___j__JJ I j -v jj 111 "*i j-jJ__u (j_a IjJ-Ltuj i___*_jj| 
4_Jl__ll CjIj i 1 11 II ___ 4__jj.«_L~ 3jj____j f lj ■ - J__~ (_-__ _Uj____Jlj -__J____II 
. D_L_j j-L-r . „ >*-M J__>ljjj 

Ijjj <~m «I l___V (jjj-___iyi -jjL_-I SjjdJ I j j 1 ■*" Ij j-_ lii^. mv jl_J 

(jf (j_C_-j l_v- j-l-_\II __!__-_> Jljj _j .(__JI ---jjKj a j-jji-J __fl 1 j 1 11 j^j 

-_iVL_*_- j-j-1_v _-j~..,l, 4 W. mtl __il_-.|jVI (j__ .JLiil Jji 11, ____ <JL_b 

^ ______ ,_j__ii _jL»jj jjjb (j__j i(Stark effect __ljl____ j-jjl_>) «Ljj-.-^ 

(jj_i-u (jl_4jj j-j-L—1 (5.19) -JjL-J.1 4_i_i_i__ _jj . Ij____j .liiiii^. LlJ, Jj__ 

. U , Lgj| ,j_>. ___) .-Ujj. - j ■ ■■ jUI « l_-VLs__- JL-C -_)j_*__ll I ' j "^ 
,.,,,„. Sj_i__- -jj___JI .4.*ij» 4j..„jUL-al -_.VL_»Jll ,jj_-J L»JL__- __,L_L_j 

4 -. U _$jJI spin-orbit coupling <___l!l ujjljJLI (jlj_______ , l j j-.L 

___ *jJLI dj_-_«__j [lj, ,.,-.] , ?,j.,MI JL_UI _jLL__ ^ .(5.19) -J_.L_Jtl 
c^lS <__l "anomalous" Zeeman effect «s_L___JI» jUjj 2j__.l__> 
jj4__ Jl_3 1( __ll -_jjJ___J Sj-L-LI J_-Ij-U Jz <--a-JI 4_j_____ 4 j T -- i 

.(__. J_: ,____! l_- (jLcj--- <^---l <-fjl-~-il 6'j---3VI j-^b 

— ■ j~- ■ — - * I 4___- 

— jljjJL. J . n ~i j I 0 j'q L__> 4 jlr -_>•_ (j! (_> < .' ' J J-J->-! -— -lj <>j__>j-- __!___> 

4 U_*i l__jl i*lf L (j*-*! (--_- -UjjJI Slj-JI J-O 1 *l -I »'■ JL-J .(j->>JjJU^JI ^ _ J ■ 

1 > ~i < 1 SljjJI I _i« (jj_-_j _--JI <^^iMJL>- , ^'_* __iLjj_ij-j_JI _jl «JaljJlj . 4 j , „.i i 1» 


pSJIOlj _MnU_; __l-j 


jJ___JI . n.ni (jjS^- '^lj-J !__** U l«->^ | J----l (cr^JI c-!U__VI _-i_JLL) 

_jLjj_j-U1J (_1_JI jjuJI A __!__ <R « A~ x 10" 13 cm ^.l___ l _u > __-Li 
a B = i-m-w. .a^/ Z j_* <__jj___!L _)jj___tyi ij.L-i SjjJI («->- .oUj_jj_JIj 
_)jj___jyi -j-j-j 3,^« 'jj.^' 1 Sjjj^U 5 .,.,;ti . ^^.j .0.53 x 10" 8 cm 

f)j m> L^jL-j . 1 J > <--Jj " i * i SljjJI J-aL_j («j (j-aj 1 1 __». 4_j_____ SljjJI Ji-I J 

(_____, 4J ^ j ■ I. >. j-*j .i_JL-__JI muon (jj-jJLI 0^1 j ..".«' I • Ljj_3 I « < .(__J-_-j 

*j i-il--. IjL-C L_j__ ,___--. _l 4____.1j__- jj_ JL)JL_JI_| 4__lj _tjj___JVI 4in-Mi 

.,jjj_j--J>!l _jj- L^jj-Sj Sj_, 200 ,J__I 4jI(2)jj **, ,„ aj-jj. 4.1 (1) :U 
4j jjj j_L_3 i n mi (_£j-> jl-l—a _,- j-__jj 4jL_ i In mij _-3 ,jj_i_J J S i"j L_a J——.J 
-jj (___ _jj__ej I j_^J .(jjj____>U jj_i jj__> __u___) (jj» L1jj--J 5 j_a 200 J_t 

4jj_ 4_____j j-jj_; A (jjj_ j___ 5lj_LI <jL_. l_| *-____ .muonic atom 4-uj-i_ 

Lajl_-a Jj^-ill _)j_J (jl (_-__ i-lj-JI J_-l- Mjj__ LLaj (jj-JI _, ' \' _)l '*J_J-» Z 
4 i m 1*1 (___JI J-4*-l 4_3-__>J 3jj_-La 4 jUS') 4 i-r mi (j_- t niij _.jjl V JL0->-l (j_L> 
J-J-tJJ _r_Jl_JLl _)J__- _jj .Itll J__>__j ._;jj__" __ijuj__, -».11 4_-LL- £_ljJ1 (__3 
_jj__j | a, | j<- (-jjjjuil j-, lir~i mi i :j_jjL_JI Sj_jIj __3 ,jljj_k.j_a I n g |L_ j«j (j-aj 

_____ R __j__ .r > R _,_£_ L_aj__- (__jJj__1 i _ -sll ^j-ir * mijj . r < R 

.SljjJI jl__3 

<_-__>■ |4_-JI Kj )l__J 4 L__l i______£>l (_-_- 4-L--3 CjIj i mi I jn 01 j«J 

4_( VI . LaL«_ *_aj^__a "Ujj_JI LjJ Lj-i_> j__a__ j -U__L_-i _"1 L_jjLl_ ____jj__? 
L_jjjl_- iUm.jI __3 (_--_- i4 mi i»i > « i_jL_*.L__a I j Uj -r a (___ _JL__ Jljj 
4_>.j _-L-- L-_> (_>i____ __j__j . Jj_-_o fij iii-»J 4jj _i i ii't^-J1 4_ij_S-!Li 4 Sl «*.l,l 


_I jl9_JI _j"! 5 j_JI ,__ 


«(^Ajjoj Y. Aharonov <<L_3jJjjl_.i>> 4_1__-.' Lj>_. Ij-j-- _^j ■ - --H 
j__L <_L1_ juu I «iflj<i J___j ____ <___ <>L__j__j Sj_- JjV D. Bohm 

. _j___ 4j}_j ^jj» 

SJjji» ijjjlj 4_lj U,„i 4_1j_& ____ solenoid I , ■ 1 jJ L_L j ■ "■ r I 

JU»___ jJj__j . L__-L^_ V dJ^L _,__<: LJ L__JL_-__ (-JjUI __ULl (jj_jj 
___ jLu jj>AJ infinite solenoid ^\-^ <__J_ ___ _,,„jUl;; ~ 

.4_lj.___.Vl J_J_ 4l__L I3j.ir.--a _,..._U I::tl JUJll lj__ _,j_-ij -<n...l l 
_,___» J_J 4__J____ a 4_jl___ _,j__3j 'cr^>-ll <--J-U J>L (J^- 4 r "J J 
jl*jj V 4__? j__» (__Jl_ll (_Jj.il i „ LI1 4.,„;tg -_«ll *____JI . J__IjJL> 
(__Jj_I __ill | j__ ji. _,! _,_| >^_cl .4.ljl___Vl _jL_w _,,,MUI;» a JL__ 

j1jL_>__> — «JJJ _)J^_ j-^LA' ' "' a (j-llj U , ,ll jl_L_fcJ — jL_>JI (jj9 L_>l ~- a 

>jl m-i" -lL .< tilll Ji-L __JI _L_J1 (j_a 4_wjl_~ ^j , ,1 -v _J| ___u (jl — __J__o 
J__.Ij__j ^j_____oj ijljL_>JI — jLi- <>j ,Wj_x (jj -r mi « p j , „ -*J 4 j i „ ilL 

<lj_____ _<;jL__j __jJj1JI <__ill J_-1_- <>->-»■ j 4-JI -J _,L_ <(<__JI _Lj_L_o 

j_j_dl _Ut;;t t JL_*_L1 ____ 5j___L__ ej ^h LJLl*! _,j__ <-JL_L>j 

. Ij ii iri 4_l jU i ii -*l Ji-L 

(ji < _i__j_ L-ijL_s___Jlj ■ -■ ■ '-" j " 3 u_ , .. .11 (__J| K_'.l< _ « l_iLL___- (j_-J 
__jIjJI (___ <..j -*■"■ ,,,_> <__J11 _jL>- jj^-jj» Oj -- Mi a ~j i„ -J __«_JI <_Jji__JI 
JLuj lju_ ____. __._ )J_-ljJI __. (_,,„ jUI;.tl JL_»JLI 5j___ -jlj i .",1 

Jjjj (jl J_ll L— _ 1,1 U"j . 4_iLL>_ l_LL__- tlj_>-Lj 4_wlj___ -• a i ii j i U j i „i 
SjUaj 4j,> j * ,ii'ij .LajL- .1 i li irij _;jJI >-j_l -<■ "' « _-jljUniVl jlj_>JI 
5_L. (jl j i-. f Ij .4_>jL>. _-_j3j (-dj-JI -_UI j-a j-ij-ll 5jl____- tOrUS 


r _lJIOU_-y_.-_; u __u 


ii ij (jl I (jl-^lju Jj_»-jja <«ij i _j< V i l m -»■ i .4-Jl__a SjLIaJI .»___> j1j->- 
.Joi. __a __■_->- L__- . I l_gj . (__JI __^__j_a j jUia ,j_a ____- _j . _0>.jL>. (__!j 
_,_»j___l .^-JjJJI i nlll J_-b __tl jLojJI (j-a J-i-Cb JSj ,-j , „ -»J1 _,< <i 'j V 
^j i n-^ i l l (jLi Jj-3JI __ll _)_1 (j_,J_>JI LjjJb (jl _ , 4 i ij . (j j -r m i a ^jn i -yl l (j! 
._,...jUL---a JL_*_a cr^>^l <-*^' J--Ij Cr^ -£iL_» (jl «-_,j-*J _)! _jU~ ■ nj - 
4-- h- (jja j£> l__U . 4j _>_»j-_- La I jl I i j "j JL>J. I I j_gj Djj Lj (j_a j«-_jJ I _--- 

.3j_I_JI J_-lj ' ' tj **■ " * p J ■ " ~-t 4_)L__J1 '"'Ijj" ■ ■■ " j y ' '■ ___._ ,,j_,__>JI I j I», 

(j_a Ij_>. 4__LL_j 4jj_)1_ «Jj-_- 4 \ j» ___£ SjUoJI J-->-1 i4_JL__,l (j-a JLjjJtj 
4__j_>Jtl a_a.Un.il 4 jUjj-__Jl 4jjj__ll (j_a £j_JI (_JJjj 4j_il) *L_j_>- ~_La 

lj_>. ' u , .. . >LS__- 4_-LI_JI '--ijj' ■■■ -» 4 ;j tr, j_>--~j .(hollow noodle 
R j 4" l~< M j ^j iii -».11 4 ;-~ in ___. Q ,j__J ._-j_____JI 4_bjJI _jj_>. ___ 

.'II" J-*j1 (j_-«J L_U_U .(__jjj\L>JI L__ULj SU_--t I "jLIoJI 3 jj__ jUa L_____ 

:4j_L_il _va 4_U_JI 

_gjl mjj. (__jJjJJI < rtl 11 _)jL__ _, i ii jULit U (j^ij .ill j__aj_ Li_> F >-.j -- 

. (__Jji!1 i nUI -^US ,» a_vl maj B _, < iijULL-J.1 JLjJJ 5, \ i« l_ijj__ J__l_- 

.F 0 ,.mUL-UI (j^jntl ____. .lU-i.1l Ju__i "_" SjJ-waJ .i_-L_L__JI J 

jJ__j 4-^_>.j (j_a - , -j ii i > ll (jl j_a i 0 i i i jU L-i-ll _Jl — =»JLI (____. (__Jl__JL)J 

JL_ .j_J_JLj . JL>JLI j-J-t- (j-a 4_JL__ 4_____La (___ J_j_5_a - ^l K j"iK j, a 

(jL) ijj_-j_»JI __L__1j__S_'l __>.! (__j___u_i .(__J-La j__j ,____. 5Jl i.ill i.-.iji^ 

_J__j_>J 1 | 3jLL_J1 jljL->. ijL j___T (j_=, j_3 (______Ljj .(__JL-_a (--JjJJI > nltl 

V ~jL__j _>_sL>JI i__L___J.1 (j_sj__JI La! . Lg_,1j_L>.l (j-LaJ V __jjjJ_»JI > nllLi 


_5jl__JI_JI5j_JIO- 


ISLjjKj « (___ ^jj ■ „ aj _j_»___a jlASj oLJLiLI _jl _JJ_ .4__L_JI _;j_L___ 

"Lj_JjJ _______ __iSi_j _jf Jo t II ___ j_JLI ^jU", inj <_JJ_ _>__ >L_____ .(__JI 

Ijl-. _L___, jjJi VI _jLi_l __J1 l_J_a -_>j___j Vj 4_JL__.I _v_ !__>. 4_o>_3 
(j_s l-_ >■ 4jjj_a Lljj_v <*• 1 it' inj _>i ^j U"i i ii j l__> t u i ii jUI i . Ll JLsJLI _)_« 

Jjij _)L_ l_J 4.1 jjfcj < Ll_ 4 ~U -.^L-a (_, i j i j p _ « _>■--' J-~' — -Li_k ■ 4-JL__LI 

ol ___-M_ ___U .ajjLLJI c.L_ 4__ljJ <_ij-_uj F w ..._ui:.n ___j__l 

__^_- . F + (27itic/Q) N jIj_UL F _Jin„J l_J 4_____ j____ -_j__JI 

u ,„ jUl ;.H ___i__tl J__ ______ 2jcnc/Q a , n <tl -_ - ■- -j___ N 

.magnetic flux quantum 

.jljJ_Vl 4_u,__ -«Jl __J_Li_. _J l-a <jL».yi <3L__ _jjl__j liL» o_l 

4__.jj_ai 5j_»u_jij t 4j ,,,jUi;ai _j_l>j.l ______ (.-JjJji __ui iji___j 

JI_-_^ _,.., jUI;.l,l JL>JI J i ,', ,„l L. l_l ______ _j L*J _,L_ L_a L__ 

_,j_^_. .4JL-JI _Uj ___a .(__ij>L>JI __lil 4_lj____l JaJj __JJ J-L__a 

JLsJI jj_>.jj ii_>___a j_lc.j LjL_- — jL>JI (__a _j_».jil _)j ■*■ ', L 1 ^j ..i->JI 

__L-jJj_a _, ■„ jUL-UI JLjJ.1 Ja ~-j i__>__Lj jl 4_5j_>J_j .4_IjUiiiV| J_-l_ 
(j! 3_j__r-_I I _±! jj 3 " U'U 4_j__.L>JI __i-J .j-iLjJI 4JjLj *Ijj 3 j -- (_JI 
i__1U _jL_- -Sj->-jJ.1 _>_l_-J1 j i"c\ . (i_gj _ 4 m^j_") -L_,jjL__i J-al -Ti 

_jIjj_- J_-W__ _f ______ j-IL-JI __J_ __- • (; _-L__>UI (__.lj____'_l «^jjj-*-! 

4— i__al_jj i(j__o-a JL__ ______ I __I| 4_j_%-__ i < I 'X <i j String jjj (j-a Jj___J 

(_;j___! _jIjj_c _JL_» (j__J .,__-jjJ_-Jl i lal I JU, ', --I (jj_ .4 Un'i __JI 
. _jj~- a j_lC J-ej __Lc <L_jjJ_JI « J-4J I j -^jl _j___j_i _j 4-1 jU , ,.Vl (JjJaj 
«Jj__>j-a L__C.L__a» 4_I 4jlj_a__Vl _jLi- _^lj_-J JL-J 4_L. _1I_ ___=. «.Lbj 

.multiply connected 


^|-_L_^i__ 0 __u 


JUJ.I («i^j Jjfc (j__J .(j-^jJjjjj-JI ,»L___-V LjL». I j-_> jjSj L*jj .,jVlj 

31 j <_jj* I j-&> (_> 1 " J klijJLI JL_>J.I gj i(«ju :i_jIjj>JI 51 j_jjj u in jUL-J-U 

(j__iJI Ijuk^ljj La__Jj ■ pt J 3 ...ilj, j-jH.l a r < H KjjLSLj - 

• 4__«_a jji. __fli Ll13 -• 1 1 <t j (jf _)j_t _>ja _5jj_L__JI 

4__Ut*U<_. 

4j_L_J Vj? radioactivity «____1 » .^yi _Ll___jJI» -^J_____»_« Ml^ jl__J 
j_»_iJI ^ y j P j a ^LtL^i^U SjjjjJI (J_A**___VI) J1___JI o!>L_.L__j 
L_L3__ SljJJI Jj^-.- a j:>L_*_-___.l J__L_j J± . JjVI Jy_c__UI ^ U _- J _---U 
J_)? _n-j-j>J <_-i-- iij--^3 (daughter 4__j|) 3-j-tj-a j? 3jl_Jj Sljj _J1 
Sljj) a 1 11 ->■ 4 *jji1> ___£ L___a _j| 0 _i 111 ->JI «jufc -__jjjj . Jjal ijrjj jjj j_jj j 
j ; '■ «j -_LaL_. 3 jj_ t _L______i__J| __jaj o<ll Jjl t lll . j_J_-Jj fu (j-j_iijjfc 

,__Ji f L£__OL) 4j>-L- __JLuk .-,,„ J J_>VI _____ (j_J .L__U_ 1jl_____ Lij___>j_a 

(j_3 (j_>L>JI £jJJI I '' J I 4 i.nilL p j 1 n _-l ^Jub jl (jljJjj) l-jI > n--|ml 4 jlo r 
SjjJI __fl J-l_- (jja Sjj__wj_« a ,<ij in -*tl --i-jj^o '*l '_-_-! - miVI J->l mi ill 

cjUjim (ji jjb J__*_-JI 3 jlo <■ ___ l-jlai L_»j .(the parent) 4 jl,,->VI 

V >(3 JIjt'1 4 i i n ilLl .JjL-Jll (j-SJ • Jj___J i<u La -__jj-L_j lfl ._->■■> •_/» »^o -_-"."> 
i4 jl ir->VI Sljill (__fl Jj-2 (jja (jjjj_>.jj» (j_3jj__JLl jijjjjjiJlj (jjj___lVI _)J_J 
(__i) _jjjjjjj jj-2j La-L-C LjLSJj ((j_3, 1 -r' i .nj ) (jljjjjj i_JJj (j_a Voj .La_$_) 
Jj_se__j 4 jlo t II _j__> (___.n— >p + e + V :(J_*___j__j) JJ-S-JJ (j5 3lj_JI 
.. jJ_?t jl_-Ij 6>"_1HJ 6_5LH>_j "-jlj (^+c-J-S Sljj) 4JjI __JJ SljJJI 

(j_a (jj-J-UI Jj-^JJ J-S__-VI JuSj V (j_CJ . 7 JJ->_! A-uJu f.,jJJ\ -_IJ-*JJ 
l_-j_>. .(___! Sl' l-jI,' t'i uil jja Li_fc f jJI Jjal «~.j jjt mJj-_w Vlj .Slj-JI (_-_) Jj_3 


-SjljSJI Sj-JI o» 


_;j *i i ii a (j_o j ij rt*i (jl 5lj__l _jjj__ LtK _)jjj__JI ( jJjJLj) <-j, > ■>' 1 nj 

-____JJ ___L____Lj_l 0 t tft .(^jT) SjU,' J__T ^_---__--- _-!} _.L__. 
,£j_jl (___,j-j_ _jl_Lil) AjjjJlj 4jj>UI radiative transitions 

L^jjxjj i___JLJI ___ __ rtl* V - _>___ilj iia (___ J-_J (jjjj-iJI <_jl_l__> (jl --A 
4jj jJI _ljj _ I <__ j-L_ _j___j _ j . 4_jjj_*I 3JUJI (_- j_p_j j_^_1 _j__ 

.__ _ L.JI _;__-' (__ Sl jiU) 4_>L_J1 __L_r, ,„_ (jSJ .y _jL_JI j__ SojjUI j 

__i_ .ij.^1 joi-ji (__i ^__ (_:j_--i -jlji ,__ --jjijai aipsjyi ^jJ^j-j 

.<_j_jj-_JJ _y_ 3 i il~< *r a _ljjL> j-_»jj (cJLc j_>j - _;jj-J1 _ij- _;j_L___.l 
Jrljjl ,«___ — « _>J__i _ (J-"L_j— 5JI <_jLjjjjj .CjUj ~i 1 j III j .<_j_jjjL_JI j 

Ljjj 4__oUJI LgJ!M -r ,*-.! __•__,! L$i_ JSJj .3 j **■ ■ ■■ - j-j_- ol o, ,,,-sll 
4jlo«ll aj-^J 4ji„l ii,Vl l_L--LijjJI jjjjuj . L$J 5jj_J.I L_>jL_ct oU___uj*-9j 
.Sj__>HI oL«jj_i_>JI «Ljjj- _ - __ j__> cLjuLa ___ 

4i,„i,,iii „j__ j_j "u^lui ■aiji (__ ,-j^jij (jl-JjUI) _jIj_____i 3jj oi 

c___,mi _;jJ--JI jU=yi J '« JLJ ^ln',„L < J>L_____ .'I _.LL__ (j_. 

(X j«ij i __L*jjl 4 jU r j . jii L^jJI (jj t->"i («J __JI (__JI -Lj-L-o 4jj__j ___ 

l__uL_jJLI jLL->J __- _Lal t" II 2u_J_a j i'i ti L$jl _a* (j_« LjJj-Sj L_Jl_-j ___u 
J_L_ Jj^ __J .(j-i-JI 5>aU_ ^j__> ,__ L_jj mii" _>__»JJ .--I <i jiiiT-H <Lj_)Ij_JI 

_-l jLt- _>_>j mTi !__>. 3_-LJI <_jLI__->UI (j__»j ( -j__j !__._ .<>j___jil I ju_ 
.ijjjj (jjj jf 4jjjj jl 4jj_ c-iK *Ij__ .(JL*_JI) J!>L_*x_>'_I 

-j__u (jl Jj-3j <jj_<__ <-,"hjj y j |3 j CC _^L_j_VI J_l Miitl l-_L__-I j_j 
Soddy « tJ ;jj__ J »j « jijj-_j_j» j-j__ ._;j_JI 4_».jjAj Rutherford « jjj_>jjj» 

(jjj 4_j_l j__ ._r}_JI _U_ j-U j iH**tlj j_c _;jjl (-Jl o* -_l Jjl-r"ll (j_> Lcjj 

^-Jl "LL_"_I _jljjJI _j__ j_> N (t) _)l __3j__lj (__L__j _«___ c-lj L 3_L 


.j____JI ^N^i j-jJ--JI <_____ j_k AN _>_-J . t jyij jii*. -_j__L Jlj_ Lo 

jt _---lj .5 ii j nUj 3_i_».j_« a_j___j S_L_jj At i.-.j -v .t + At J t _rtJ 4_L_ajJ1 

(j! AN (jt _*_j--j jj^jjj __a J_J V_4___ Iju jl_j ;-_JL_ _ij<*; . » AN 
4_l_>L J1j_ V ^__JI a_J___Vl _jljjJI -_-a L__ut c___U_j .At l___L__ 

JL-_*J ljJj—~ 'O-.J-"- 1 _*-=■ J-^y -N(t) 4__j__JI ___ __^J____. <____. 

■.«-Jj L_" ._^>___,L__!I 

dN (t) = - N (t) dt/T 

__L__ .-_A__>Vl __lj_JI £____* j-j__- j-L-IjL j__ 1/T l ____L_JI ojIj __-l__ 
3_j_».>U parent a_A__>Vl __lj_JI ____ N(0) __-J .-Jj^m,; -J_L__L1 .__* J__ 

: _^__ t j__J (jJ»j ^-"^ L> ".'"'^ ___«JI _)_£__> ' t = 0 (_jlj_ol (j—aj -___ 

N(t) = N(0)exp(-t/T) (5.23) 

<jt ^j-a J____-__JI J^jj . Jl__1jJI -____._! J>L_- n ,nH\ _____ J- Iju» 

. T j_k j-*_J I 1 U . .ijl» 
jjuJI _t L___j___l jl_J .__Mjjl__JIj ____L_tl j^» _j__ 3J__w>Lo ^-iLJij L__ 

Jjvt — ■ «1 i'r>l 1 _ 1 i 1 11 1 i_____ (jjajJI J-a J J » ~ j La 4 ij r (_,_) 4____i,1 CjIj jJI (jja _-_-JI 

a_j.L_.Vl o _jJI o j__ c_iL_. IjLa . parents decay (cjL^.-!) - jl.,-,? __lj_ 
. grandparent species __!__>. _>_> daughters (SjlJj) a___ j_j __ljj Ls_l j 

_-j_i.Vl 4 j-LJI (j-a J_ljj L_)ljL>JI 4_L_-L _ys J-*-J __ij__j i_jLg_«'_M -JLC (jL_ 

,j!j -_J_ J_L*_ _______JI (j_> ^.J . [granddaughters cjIjl_l____JI __>! ,., -,*] 

_____ jJ L__ N(t) j-_ LLaL-j L_t (_* a_i___JI 4____*>Ut . ___> -J ___j__- _J __*: 

_H--iLi_j . L__j1_ -f j T ir-> ____. J^ljJI __- l-jjt jja (Ij o*i 111 fl) !>L_____a I j 1 i 1 _ 
Uai- (j_uJ 1 jufc (j__I .j-t I < jj'~ J~ 0 1*1*1 3j_« JS' (_3 <LLa_. 5jL>-lj 3jl>-j jljL_L4J 


jjisiJi^jiSjiJio» 


jjul J\ Jyu -J__JJ ___? I jl .S___jJL, -j,L_U 3^ N(t) ULU I^Jai. 
£__*__* 1,000,000,000,7 j>_ *_j__. -__J_j 4j__J juc ol_^oVl 

<<*> JJlC. l_Jj_V <llo^'l I N~i (jl (j^ 

I SU-, « SljJI <>_ <__! -jjJii jl£LaV 5 jS-dl oU,, h-.1l JL__.t ,jL_ 
oLjjjjj-j-JIjj cj_ij_j^_jJI (jl __j . OC iii -»J (j--l . miVI Jol i ni II 5j__>L__j 

Sl jj j i~ c I . 5 l_i l mi Su jL->- 4j_jjj lSJH^ 1 I 3 '-^ £_. ** ^ ;~J " "*l ji— ^ L)_!)***"' <___JI 

--cj-^t-» _]___ (j! u-sl j__l Li___«j .Z (^jjJl I_*jjl__ , ^ *•-. ... _ ^ : a a 

(X i „■»- _->L_ujI _j-%_u . «JjJo __.*■; ■_' uJJ-II OC (<t j i ii-w 1_-1J ^J "' 4_ l __.__». 

4_L_ .(a_.VI) SjlJjJI 31 ^JI L^Jj-p (^l a-y^iJI Sj>_U JL_JI ^jJLI _jLu»l j 
. V (r) = + 2 (Z - 2) e 2 /r ^jdl Jjj>_- (__~jJj>*-JI »_ t H ■-__-. _P=j-*~. 
sUjJI _,;_- ,1, (jfj .2e ___»> a ,„->■ -____ (ji (j-L-.- __* __.*>_-L_ > l (j___ 
ĕjujui 4_>_.L>. Sj_J a ^j ,„->. (j_^j-«-j Ij-dJj . (Z-2) e ,___» ("___LiV1 ) s_uJjJI 

(10" 12 Cm __Jlj_-- l__vJ-_, nin>fJ^<__-JI) SUjJI Ji-b (jj^_ L_-Jl__. 

1 " " j (5.1) J-Li _j^j_ •__J--'•- ,, c^l s -*j- u 4 j<j~i l ', .. .jij-g--? 5j)__Jj 

jj_ v max (_,flh«n 4_j__j jjuj (_$__ji i_ -_ji i___ —jj)i Mi jj___j i jUjU-,- 

L. SjLc 4_aL__JI „j___ . a r j,„ -.11 _____ ,___. E <j__ .3UJJI jJ_a _____ 

j-*_ 'I CjI j _5jhJI IjLC Lc-j_) Ujj . JL£-*JI J>-_ >- __L-3jl Ij-j__- J-l (jj)__ 

sU_ __]___, <___■ .JUUI J_,_^___ ___. .E < V m£jx (jl yjt il__>j j ,n «II 

yjlj^ >x_»JI ^LiGjlj) .4 MeV ^ljp. E 1^. jJu3 .U 238 r j>^ljj>JI 
(>. o^yi __j_ lj< -! ,„jJL_> ijjLa o^_ V a r j,„->. (jp" I j-jJ - 30 MeV 
j_wL>JI J>Li- L_-_j J_wj (jU 4j -t_____ ^cSJI ISUjKj « Lsi .5lj>_JI 4__»_l_ 

4_j-_L_a__J .J_s__l IIl^j -_jLi_ 4-Jj)_^_ JL_*___j) .-jLi-JI (^JJ 4-La Jl,„'ijl 

j____ij IjL» .a^jM.yi \ 6 <\ v E 4_aU_JI __l_j V max (>_ .Sjbjui 


P<n .-. I .< ,... n< ij&aj 

^JlU Ijuk Jla Ja j-jJLli 3j 3" ,,, U j-i^ a 4j,)j| jLa^l jt ^ l-^j-^JI 
j j f 3l j)j (j^ j j i T iljl j o ^ ur^- u^l , „ -stl Lfcj j «") 3, 1 <i~, < -3 i^jjiIjJI 


V 





R 

r 

► 


Jj».Ij jj<"tl (X jnj iii > «u j i ,«j igjJI i > a ■ ^.^j* ^ t-jt-^' p ■ (" l)jc*. 
j » iiij £jL»JI (j£ ■ R 3lj>UI j-lafl i ni<V> jjjlj». Sj-jj LiL». J-$-j>j"I j>SLj .3lj>i 
. jjUa ^jJjjS JLg J ^i Lill («ijiii-». 


4jl£j) (X ^j i „-»■ (jr. I '<*■■ '--" J-3J . L*j_£j ^ * ■ ' ■ 3j_t>J 3 ^ i_dLi-b 

3j j«< <LjjI j 4JL_>. (_--3 (jL^ j>J Lo.< ;4_3JLi 3jJ-__-a E 4-JaLkj jlj__j 

. >s_3 . LaU; L_Jj_' ^.-J j^«Vlj3 .4__j 3jjl*_-> 4_l__j eigenstate (4__>L>.) 

. 4— )1 Ull 4 1 1 <-» " a 3j jfl a CjVL>- ,j_«< 4^Ij__<j 4JL>. (__-9 <4 <i i „L>. 3jl i >_i 
(jjjwO i U i nj>La jJl>-) OJ^i (j' <4j3.jjxj 4jjjjij CjVL>- (__-_ —jJLiej 4jL_ <L_l!j 

3L_J t j___j_U j-*-!L. jL__,VI Ijuk J^jjjjj, . ljji.„-> oL3LkJI jL__.l 


^jlsSJI^ISjiJlo» 

iL_jl__i l "■— .'-.j? L»£ ii_jj^5iJLi i(j-°j-llj «LaLlaJI (j-u « (j-aj^U I » ia^Laj 

£jlj-J 4__IU II jl ni "nlj j.a_«JI (j_u Jm" 2Lal_c 4__}Lc, ujufc .AE =tl / X 
3U~w^Lc (j£L<u La IjjL .JL>J 4jUr L £_' 4_»JLi_5 4_)Mc ^jkj . J!VL~- <i iXVI 

6.6 x 10" 16 eV ^lj^ 4jUj> jJ-u iu» .Sj_j__ U (___ 4_>U_JI jLi__l 

j»jjj|jj_JI 4JL>J .}L_o ,4_JL__ _JJLa (jjl Jjjcj )Sj_-lj 2LuIj j.a-«JI (j_> 
CjI jln «I ^ ■ ■ ; L_al .(j-_L_JI jjj» (j-u^Li 3 I r aj o r j-Lu (_gjJI U^"^ 
^L_iV (_, ri^Cj Lcj 5j j i <i ^ uj£-i jl_«_c _M (jL_ 4jjjj (jjj 4 i _ « a J^ t «i i>>l 
Olj .-.1 .,_.■■■ 2 . ,..-tl . ,j_aVl *-->lj <_-- .4_i___->Lo (j*C.»j ___>__> jl im"i\I 
«Jjj-jo (j^4J Lojlj i3j_ii<l_wa j a « II Jj.y-TiTi (j^ oj V . I J_>- j_l__x_JI j_o-«tl 

. 4_*L_JI jLijjl (j-uLi_ui 
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_^U__A\ 


.L__lt ^_.UJt$ J_iU__l Mlji 

1_LjjKj a £»J_Ljjj \ _)l (jja ,«__jj| (-ic 

i4__-L_. -jl_C,t j 1^1 <___! - I fl « ir>j (*_CJ! 

_/_l ____=- <,____._! *j__»-l ^ _,j___j Lul 

_____ _lj I nl.'«. • _______ f, 1 ... -k -JL_- __ic 

( 4_J _U I ^-^) d ^ ^ ^ 4__AJ______(_4 ^^^--S Cj 1 4» J_ < _i ->J I 

jl_- __JI - d_ul ,„-,»1 __l ■ __ .-H U___ ___lj 

juj? L> !_! JjL_JI _.__ i_____l u .n r. 

__ « • »j J> ;»r .-L;t_lL__ i_jLl_>-j _-lc Jj____-JI 

<_^L_j-J_ -j j » »-h (jji^ 4____iJ_» ~-_L*_j J_-J_JI 

(jji . 4-Jj 1 a 4__uL_i___L)j 1 i jj — _j _jj Lsjj 

0_l n j 1 »i-*JI ^j n (j_J_— ' La jJ-Sj '_*J_*-I *__l_— - -- 

SjuJ-w »*■! i j — jj3L_ |-J. . ij La jJl_j i _) n ■ 1 1 1 
»_>_- .'il -\ j . ,. SjUjLC L_jl_-J___j_U 4___L_- 

___) 4a-J-l -_l <iji,i-».|I _____W_a (jl J__->U,I jj-a 


Jjl^SJI _JJ SjjJI o» 


j _j_-_> (__j__u . LoLu 4__j I U" o 1 V 1 11 1 j_j_ljj| ____ _)>-—' 4 «■ j j ti 1 1 

4jj__ j_a (^SJI Kj')-_j_o ,J_aL__J > rtj< (jjj !___,__!_. (jVI Lal . Jl_j 1 0 j«. __Uj 

■ _-lnj,„-_1l (jjlkl) 

- r " J_-J LaU. pl mt-....j LJL. I jj . Jj__. j_-_ __L_ <___!! Kj.Kjaj 
.41'«;» L__l_L__a ,j__>JLI IjJ ,all conceivable probes Ujj " (j_UJLI 

_)L_ i(4-^j__.iijj>->Lo) ^-JL;.-. f L___>.Vl OjL^ IjJ 4j| 1 j<j ,,i>_5 _,_J,i jll (j-s 
(jSJ . t fl " jj * _._L>_i __Lo^L_j La j j j 0 ) (_JL_JLj i--j_i_-_)j I _~ln--^La _)_La .VL> 
_>--jj . Jl-l-j Jl_- _JJ 4-_jIU"o i-.i,ijl CjLsMju 3j j ol,l ,,, >.SfL_ :£jjL_- -_U j 
4jl (J_- . 3 j j a a "uo}L_J 1 fl n , i,J _)<, «1 V _-_-! 4-fljl U"tt CjLjLSJLj Li_b (jjji* a 
, „-^11 j___j_ (jf __JJ i4 j<jmM-S-ll jJ->-JI *~4-»\9 (j-o i<L>.L_. _1_>.jj V 1 JL>- 
(jl I JL_JLl lij-p. t>a __L)l_LoLj 4_j| '_M iLjI j 4__jL__-_a L_jl {y> pii jJLii . L_L)_t_» 
1 pj . ..--II (jj 4-uli t"iil La 4j-_aj 4 U-il __3 4_ol . n 1 1 (jL-J _)lj i4jL_*j Lgj__ljj 

jljlj , (t :< ijjj . Ij__-j il_!Ll_) jj->- J.I j-a 2 ^j . 11 -Jl (j?j l___ _j_*.jll _JJj j__ 

. 3-Sjl . ..*. a "__U_a __lc _J-<JLi -__flL_-jJ L$£j_»_> £_)__> ji (ijiJ.1 __j_- (j-o) i_ilj 
_J_- I_ (J_ol 1 "j 4_l_ ii—)l a J1n7.ll 4j_- _Jj___j _5_JI 2j__JI JL__ (jL_ La Lij 
jl) 4__jU-__- 1 j ... --II (jLi (j_9j__JI j__j_>. 4 j i-j La j_>j iJjI o~i a J--*— ' 

1 ^jMi-JLa) 4_L)L__La (j__ ^J 4j_Ijl_j'_I l_>jj__JI ,jt VJ .identical (-__>L«__a 

_J_JLj ___S_ojj i_)l Al"i-r a I 0 jj jj I J_a _)L_ |«J _)J>J i(_JL__ 2 pj 1 n-^JIj i Lu* _)K 
_)l - j<j ..A K1I 4_j_>.__l (j_o _,i jij V 4_l_3 l_t__J . I 0 _ia (_;! (jLSLa 4_3 j t a 
. 4")IU"a L_)lajin>. -_a J_l-__ L_T I jj "_____ _JjLa j i>>-f"i 1 »') 


VS.IUn.l l .-. I» ......1 1 


•--iij_a j-a J-aU__j V e jil _,V . fjL» -_____i__i <«_-JI ISLJL^a •__ JUsJI 
4_«_1 <jjS_i (2>T __jL_ej J--J ._--VI «Ti -I J__L_ _UU_J Ujjj i^jinT-ll 3_JL___a 

(_!U__- , _'I jjjjUI (jj^. <-_-»-. __<.■■■-• ^jJ^Ji <L5lja.VI a^-jll JUIjJI 

. i_JI_j_ ^j-j LjjJ^-iJI jiyj i ii T !l Jj_-j LL* (j-a <__jj__JI i .1 -r 1 1 I * *■ ^ - ' ' lj " t 1 
(« j 1 n ■yll «i_-Ll->» <_jU5Ijl-_Jj il |<>j 1 h-hJI (_!J «L__» __U5lj__l jj-_J jl <'l_SLqj 

wave 4-p.jII __.L__.jJI jV <j_ajJI jjj-« Jjj_> (jt (jSL<u j-L-M-JI lj__ .2 
(jru-u-S J_L__ ____ (jl__ U-j <(j-«j-l (__- >» < n I . K M i j-_--_j __j-s___ packets 

.<__sl jjJJ ^ i n* j _)l ij^Uj 4jIjlJI __3 _rtjj_u_- 
ilj_w 4____e__ j_j_i__>J! 4jjJ- j_- j<__JI _> j')Kj ,- L$j (jUU_j (___]! 4__jjJ_JI 
j__jjjJ | ~i , U j -jjVlj (jjjjl 3. 1 j t.i -i-L_- L$Jj ! I_l_>- 4__l__e_a (jjSLj ___j_jj 
., , ,. _. 4__j___U («_^L_>JI (jl_L.j~i Ij aUjJI (4__L_.) J-jjU _)L- .«Ljj-^JI (j-J-t-a 
jL5l 1" a j 1 nj . L-Laj JjI a " « _p,U_l _-_- 4_-lj_j 1 _ I n ~„y i__j__/ ~__j___La 
j_a ( ^j i n -> ■ (j;V (^j-ill "---jll _y» J-" <»_-3>-J ( _> ' J - < ^- > ' J->L-P 

S i j r i _>U__i_) _)L-> I j] ' JLiUI Jjj-_- _-_«■ • y r . j m i > _"V L-^jj-Jij 
r 2 _)L_j . 1 (.i ,„ T U U__jl__ j (j<Uj _j_-_JI l__UI j (-51 j_^VI J-,±*£ _jl jiiLu 

J_U_JI jL5U__a _)j_-u_i _)Ujj)"ilj ~L$JI _)L_) .2 (flj iii T I1 U-£j>j__j S 2 J 

(j_S_ jl Ljjjj___> ,j_uJ 4_I j-a .S 2 j S] £-_ L-«_a T 2 j Tj (j_~< j oCIJ _Jj_l__II 
(«jj .J-J,Lj ■ (jr; I 'I ; "■ ° iU* '" _-_U! jl J__i__ j-__jJ,l (j_a (jLS" l_l >_.!______ 

. "LajJaiil __3 ^jm T l 4_ul l-i"l l --Uj^ jjJI j__ j__T --jj _nj JjU-JI 

N LkJJLC - "i. lU" _ CjL o j i ,i <L--jJ__J 4 .-^jJLI 4_JljJI ■ > -i ' «* 

.m si (__JJI ^^l jjl_*JI «olj j.*a»j rj -__l5I___.VI olj j,-,t,l __L_ 
__JI j_i_j L___ .jj-->II (j-_ _->lj_»yi (^L--_-J .j _ | ^ ^ , — • n ------- 

-i-_-_.jj - j T jH 4jljJI 4jjV l___j_-_ j_~j (-!,> V " imLj <_j| j j « *tl ejjt 


l __l9_Ji_J[5_.i_l ( __ 

<__jjl Jue^p- 0 ,2, •■• . N , t) Jjt&j 4» aJU olj_ti__ 

IjAi___.I_ .!___-_ .m S2 _r 2 _>_ >L_ 2 <__jJI Jujj ,m S| 

3 ^.1 U-.„ oUu> 4_ajJ___ _;_' «UjlJ 3Jlj _>L- <4__>__» ^U^LjJ ,_>___? _,JI 
j-uJI _)Ljjj_UaL_ 4jjL_a _)l j_« i4-____ (4_jJ_>_u) 4jJjUj _>_>Ij_- _jl LgJ _) -jt 
3 jj__ 4 ij.i U1I _>_J .«>__! Lj_J U jjej _,__ .4_j|___a <-_«jJ1 L-jjJaJ (_____ 
:<__Jj Uj_ L$____jj 4j J aj_>_' 4_<j'i15_~ J_-lj_ _JL_$_ .i-JlUU 
j-as_-_ S <____! (____I1 UjJ-C 4__jl___« Cil <ij,„-w 4^jtV,t, 4_l>.jJ.I 4jljJI • 

jjlc s U_J <__JI c_.Uj017.il _,<i ,.,- t . UU- symmetric 4J_U_« (jj__ _J 
«jj — j Ijj_j_L__» ^j-L^JI (___ljj_j___i d_j___>) bosons -j-jjjj ^ j -- 

.(satendra Bose 

_jL__L___ S (___UI ____JI U_JL_. 4_ijL___a 0Lu_> 4_ajl__l 4-t>.jJ.1 iJljJI • 

antisymmetric i_l_____ aj-i » -, « _,j__ _,i <___*_) 4jjj__JI jl___ .1 ______ 

4jjj__JI jIj__ _1 _____j _j___tL___ s L«_J (__II oUj__j»JI _, ._,„1 . LL_ 

(; _SLj > _-«_I - t^Li^yi t-jUj j „tl _JI 3 . ,„•,) fermions _jLj j «___. 

.(Enrico Fermi «^jj-j-j^j!» 

Uj_ - L__jI jUbll __U_J1 tfi\ 3 - _5L»_J1 _,_*_ 'L_jL_. U___ji U__ 
__ i _ ... _;! permutation 4_J_l__ ■ j 4_j_>j_,l 5JljJ1 ,<t_i... ; _J____ 

4_jjIjl_-VI _jU j\>-JJ 4_>j~i M,t,l 4_JjU_JI l-_>jaj _jl i(_>Jj_-L__«) ___bL__La 
4jJj-3 _,jS_ LgjLa ,4j_U__a 2U»._JLI 4j|jJ1 _____ l_L_ . U_$j 4___L>JI 4 jnlllj 
4_j_j__CJI 4 j<j'i_UU J_c 1j_JI (jl _>_a ajj _ . „ 1 (j__t_JI (jSLa ij .(-.jL__yi jjJ_) 
4_J_U_ 4_aj__L_JJ 4j_>.jJ.I SJIjJI __._>" l_J .__J_JI _,:«Uj 4jj-_ j-j-jj 4__jL_JI 
i_pajJ1 jjj_a_i 4_i__Li (JJt-J __j_i_ 4 j .<->L_>JI _JJj <jL__ , 4 '1 j t « Ua 4___>J (__ 
(-LajJI jjJ__JI (_>_~J _;_JI (jUj j ' . lj al . I I JiiUj (_!l Jj-ju lj-_ (__ J____Jlj 


'-S.IK-I-I I ......I I 


:u_u_JI 3juj___ a_j»_ii 4JIjJI oJL. ijl .Jljiil _>___ .ix»>ll aJljJJ 

(«Cj 1 1 i 'n \ I i h-w V .(j—jJI £_> j " i „"> __>j__p 4 j ir>L_-J1 i_JJj _>L_ iLa 4 k-»J (___ 

JIjjJ antisymmetry jL__J.I JjI o"ll 5 j i^L_- _>? .4_^Ij__j_1 j_.LJAJtl 
j__lj__jl symmetry (j__L__) J_L_ (___ I s > ____; \ j -wj-LI __- J _«j___l 

J__>U (___C 4_jjL>j_i_i 4jjL_~ _;! 4-Jt <i"i--I _L--_~J _>! (j_a Ju-J . 4_uLj-j__!l 

.complex conjugate _JjJU (L_juj___) U__>l j_a <___ ^j-LI ajtjJ* ^ 

4 t i n _>_. i4_JjL_JI i _ 1 1 n -rj i__LJjj-aj__J 4 j i uillj i3jL__VI (jljjJu Ugjl U>J 

. 4j1_Lj Lj-t ^i ;_JJ j J___ V JU__ _ I 

(____ __Ljj_j-aj__Jlj _jLjjjj_JL 4___L>JI JLcljJaJI .j_» Jj-_3 '-r^ 

(jSJ . 4jjj.,ij>UI ^e___Jt KjjKj- _>L~ 5j__ ,___ I _"f-lji^» c_aj 4-Jjl -jLal , «~<l 

4_aU!l jL__i _M (j_s 4 n',,', a 4jjjj_l_. -JiLlj l__g_j T __lc (jL__J CjJU Ls _>U j_4_ 

elementary <(4_JjVl» ol a j ,„ -»,1L- .4j_, ■ ,„;tl 3 .l^ ^ II JUJ.I 5_j h;t 
n-jLjj-jj—JI ioLjj - 3j _j jll 31 j -.11 (____ s_j__ ? .jJ.I particles 
-j^.jJ.1 j__ , _'l (jjSLLI ,___>jjj_J1 La! . — ^ L$_J _jLjjj_j_s (__j_ - __Ljjj_jj_ll 
,4_UjMI __l <iji„ -.11 _>c IjL ,j_J .- I U_t cjLjjjjj __$_ ,4_i_jjJI 3l_pJ1 __a 

1 g j3 j-*J-J V __~JI j_*ljJ_J1 <jl j ,„ ___ 4j| (___> L__> 4jL>.yi 5 }L_La 4jj_VL- 
. U-jJjj-JIj ,»ljo j<1l __3 SjjjS (j-kj i4jjj>U 4_jl».l_JI <L_JI _jlj_i__J jjjIj 

4_Jj! -_l o j i ii -w L$li ____ 4jjj_'l 4__sLt_- (j_Uj il _,_,>-__ Lsj ijljil f»jicj 

,j_ai j^l-- ___. . jl__j.i j_L-Jij j-L-JL, 4__>l>ji 4_»_:>ui j__Ij_jj 2_-__u. 

jL_ Ijl^J . ((jijjjj jjjj _njjjjjj) _jL«jj_j_) 4_uj! _>_> 4 — ^ jjlj^l l Sljj _)j--_ 
i"ij->- i_jLjjj_>j_Lll (j_> _ljj! <1 -*jjI _rv JjLlII ^^-Kj j»jjlji» (_-jIjj ijrtJ JjLJI 

.4j_wj_> SjLiJ 4jJL__>.yi 4_x___>JI (jj_J ^«J _vaj '_jj (J-J 4jJLu SjLil J_>-JJ 

(j-C _;j__>iJ (___II 4jjlVl (jj-J l(«kci 5j J ! ,-> ) J . LljjjJ ^ Jjljgl l 3ljj (jj_J 1 

(jj_j I om > !i_-_>jjjj (jc 3jL-C _jLjjjjj_JI Julj __Ljjj_lj_uJI (j_a __>-jj -JlC 


jt VI .Ljj-joLjjjj^JI ji-lj __Ljjjj_JI _jl_, jlS" IjJ -^j^j-.^ijH- 1 -j-» 

juJulJI i 5 . -_o j ^_ _j a j j , _-_ > i ■ -y- t L____> 3 i ^ 1 1*. __ d ^ 4_uc.^j 5 . .^ L^- ii-lLi-A 

* b JUJI <_* L__. UU- .-___>U 4_Ji_ljJI 4_.U_!I _.VU. <>• 

j ■■ ^ '■ Ji i3 4__>jt ____ ^ *■ '« (ijj_^JI) (3-jIU'II Sj__L_ m) j t-i"ij .^b- — ^ 

.a_ji.i_ji ^UJI 

sjuji _*___ jt _-jj»jii (C 12 ) j^jjUi _i__ ____ .jmi jW-t^ 

L_4_Jj .3jL_ll 4-JUJI j___ ___■ jrtJiljj J— _ I o gl'io t j_~_jlt-~i/- ^J-^J* 5 " 

_>iVlj 4^jVl 4JL.JI ,__ .U_lj_-J __l_ Ijj _ni_ul____- jLjji. 

___ £jj _;l ijjjl _j» ->. jj_3 4j_1_JI SjIj— Jl __L>j_ j___j .SjLiL- **JL_ 
jj-mm 1,1 _U_ jL_ Ijjj '.^j^l __,-,■■■ U (__ 5.L. ______ ^l ob- 11 1>° 

. a__jU__„ jj_j 4____ i ji_ . Js-i- _>_- 

jjU loj (_■! ~ «II i___jil j__ -__ ^.U~< miI t___- JJ--JI _-l_ I mi ij — -> 
4_j__ f jl ,nn _A_cU_S j j - r I . L. -j „,-. (J-U_) 4jj_ j„ (__l K j '' l <J " 

_n_j____ 4-L._ 5j_ jlj d Ujj .scatter jlr, .1,~j jt jl jjWi.i.j ^t .^LIlh*- 1 
j jLjL__j _njjj'<lVI jt _f_>j___l .j__L___JI Jj_a L_4_L»Jl J-&^ cr^ 

(_j_i j___U__oj jl JliUI _,_ jr-ujl Mi~i a ^t) j___<U__aj j^ijjL__i-^ — Jj_>— 

I ~ ,U _ „ ._-.l l 4j5L__- 4_J_JI JUjIjuj'- I _J >___JI jj_3 _^_tJ ('W-^ 1 

i .. _______ 4jjL__a - ,1< H _______J| 4___ J__j .__j___JI 4_i___" <.L£. jjjL_J 

_Jj_»_. I- ia< *Ujl_ 5j_ U^J jjSL __--,., t,l _njjj__JVI jps (-JL-ILj 1 
____ __j_, .(SjU_____l) ,.-mi1,-,II 4j9lj ___ 0 j_S_J ■ jl' , m<U-L- ji _,L^U_1- 

.6 4jjI>j i-.-,,i,-,ii 4; _il___.vi _j3j_ji ______ (-ui P (9) jjjjjji aJi^ -* 

_j| j_«J _il j_- 4jj ■>- ~, II jlj— Li .1 i <i j-,1 a .jjjj__JI _,__ Jj____^"*-' j^«- 

,_>__»j _»_ I d-ny Ijl». -ll)j__ detectors (__LIjl_ jt) ol_L__U ^l-U----Li 


VLS.II.-;»! ! ■■■■-.I I 

f»j_- y>li> V"iinl _>^-ij 4jL_ iU*_ilj Ul . 1 ~ m mi * 1 1 cjULoI _j.a. __a 4_c.j__>j>jj 
jl__Ij -jj __L_ Sjj-U i>- 2i " l,A '"' -_^jj_i_Jl beams (3____!) 
____ Jj.^H J__JL JLJI (__> U_~) ^iy-il .-_,______. I oLj____J>n _*. 

_Jj i___JI (___ 3.) <i"i *U (_Tj_JI JL___1 -^jt-»"ii.i't l_j! (<U-L_> is-jJu Jlx>- i_«JjJij 
jl^s. 4_L__-JI _-_ jA) -_j__-« __L__>__JVI __« -jj ,_;V 4aJjU_JI JL$»JI 4_iL__ 

(j^l LujJ -((-j 0 * 'II (j-« '--i)- 0 (»---»- 6' _-L__-L _>_J .__j___J.I j-jJj-i 

. jL__._M ___■ I j -■! tj__4J _)liiriV- _)L__jji 

<__J j_i-_u 4_ Jsj :antiparallel spins jL______ _jjlj__« <_,__! ,»___ (1) 

_>_>Jj_i_i Lo JJ_-e_a Jj-> __!--• __---£-____ (ji_bL»JI __tl (jrdi-ljjl (j_jj_J__J^/l 

4_J Oj--. jL_JI -^s- ___VI _)jj__JVI .Jliil Jjj_- __L --4 a_-jj V -u_Jj 
. J___! _-JI -Ul uj_j __-*JI cy f-L-JI u__---- 3 >'l_ 'c-- 4 - 5 _r-l 
(____! (_J1 <j___UI >L_ _)j_j -_l_j -.parallel spins i_.j1___- ___J ,__-_ (2) 

.-L»_VI __U_ _,_. Ll .«L»_VI _>___ JjL ____ (J___! ___-t j!) 
3UI ___ ojj -__l_JLI __l_jj___JVI ___ -_IjIjuJI j! _j_jL__JI 0! ^ 

1( _j_3j__J| 11 . 11 -ej i(jjj___JI - (jjj "i*s IV! J__Lflj 3j__ jj- 1 Ij tVl .___JI ^Lssjl 

-_jjj__JI -JIj _j! f jil j--j--j _! a-ijL__ _)< «II __« _,L_ .(____ I __L_ 1 - " «" 
(j_J .«j___i _-Ojj__jJLI _j__JL___J 3 1 iiiilL I _ . .. ^'1 <___> _)j<" ... P (6) _.jljJI 

(___ .__Il_JI j -r itl _--- — JJj jji.i ĕn . 1 _ . .. iii __4 i"i i njl 4 n _i «-—__! t ___ i__L_jjj_JI 

-JljJI ___ ,____JI ^j-^JI _U <_)LjL__- ___UI _-«_*_-- l>-- '(2) -uuji 

o! c__*j j__r a^jii ajijji _j_j .--j___jj _A_u__- oj--. -_->_-u-i a_L*_ii 

3jl i>i a OJ--- 0' ----*_ -_J__lj__JI -Jl jJI (jL_ I J-^Jj • jl i>i a JjUj i_jI j (jj_-i 
Uj_Jl_-! :(jJ_-»J U__i- I «ja--l 4-ts-jil -JljJI ji't'i i(l) 5JUJI _J_ . JjUJI 

Lj__I 4_sU" _ - j--j - -Jlj «lia j__-^l l__! iLaLu (2) iJUJI -_J__ _j_.U~ 


Jjl^SJI^jSjUlo» 


(jLJIjJI (jj__i _j_l 4.JI «i-wj 3 JJJ-aJ .5jl iritl __JjL_JI (_£ j <__DI «.j_»J 4j_>.____« 

oP» .^Uj ,-]_- ^LLj .<j______i_-<> (2) -JUJlj (1) -JL_1! oL^l_-Ij_-J1 

.i___JI ____. ^ ' 1 ' - - -IiIj-jjLj __tl _$_JJ <-Jl5 - f>lj-_ --ajJl 3-l___J.1 2 A\\ ., -ll 

j^jia _y_Lj_Llj_. i___>j_,l . > M 3j_kJI (jjjllij cjIjIjjlJI «u__il , „-_ .jjo j«__jJL 
P (jt/2) -_j_*S_J cyij (l) ^L-JI ,-i .0 = ir/2 (90°) ____ -___,__. Sjj___j 

.L»U_ ^Jjj-Jl «Ulj ^MjJ jl ^yLoJ (2) -JLJI ___j .Ij^iLuo V L -_»j_J 

.P (ji/2) = 0 


Wolfgang «(__I}L ^b__Jj_!>> j*__l _____ LiLpJ (jj-yij-UI Sj__.L_ ^j-O 
Lj_j jji (______ jj_JI ^a) (j___j____« (j^jjj^j-iJ _>_Uj V :__J__I j_e_J1 ____. Pauli 

<La<-r-a j-jj- 4j_I j mtl .jub (j£_I .( JjsJj C_3j _-_■) 1-0-1 _ (3_l~j_<__JI) 4JL>J1 ___■ 
__VL>J LaLcj j-l*» (»J <_ -^JJ -* iCjl o j ,n-»Jl Sjj-LC; 4_aj_.il. 3 . ...)]\, ,4jV 

. cjI Aj.n^ll J_" J^An 4_.j_.il, 4_l>.j1I illjJLa .individual * _)«« a_ 
(Bj.ii -*JI c.VL_- (jx. Ij-jjlj 3jji. jll cjVL»JI L__l9 ^-Lj 4j-.L>- LajjJo oJLa _,. VI 
jjlcj r j-l-jJ.! ___ Jlj_ ,j;t . j_>.ljj| ( <_ i --_>JI cjVU (j-« a_ls u n (j__J . ju-ljJI 

.n JuJI JjJjj J_~ljJ1 (C_u__>JI C.VL_ Ljj-LX J_U . Jj_i~ (jjj_aj__I nig (_--JJI f_-JI 

5 oVL_J , ^Li. 

jj. j-».IjJI ^jiM-^ll c_VL>J 3jL_JLI SJjLai J__,Lw J*__j 

Vn ,(l,2) = -^_ {^(D^C^-u^^u^l)} 

._i_JI -j__Jlj j-l-jJ.1 (jj i ; - . (_J1 oIj-j-J-j 2 j 1 SJIjJI Ij ,nir 

3jL____« 4__i1_L_ Cjlj U n -■ jl j__>ljjl (j_« .__Jlj-_JI ^.Lc 2 j 1 j;n j ,., r H 
3 j -wjj.1 SJIjJI (jja J>jlll I juk (_JI 3jL_i_yL . 2 j 1 (jil j <i<ll 4_JjLi: ( ______L_Uj 


JL_-ljJI (ilHI >Jt 3JL_>. (_jS (j_ 0J,,,-» . 1 l J__l (jL 4_SJU J_9_iJi (j£_»J .tjrt OJ . n-Hl 

C&util JL-Ij- u' _.k '■■„'. V i_,__- D n ' juJjJI ^ ,,17,11 aJL- <___■ >^VIj U n 
1 o a 'i .______>_ I _____ _;jl_-I <___ l_.j_-_.j_a ,jj_L 2 j 1 uj « j , „ 7 , 1 1 _j_ <j\ 

I jl-. » , \ ", , :__Ji (j_, M ■ ^ '« .a__)L_JI -J_L_U (__3 1 j j _■ «"II jL_>. lil ,_jLijl___a 

-JU. <__. j__j_>__J)M >1_ L$j_ _,j£_ _rl ,n = n' _jli _r_oj,„>. ajL. _j_;.j <-jl__ 
I jL_* __._ JL__JI Pauli principle ,___Aj !j_i_a jj» Ijla . L^li j_-IjJI ,,, 7JI 

4 1 M ■" (j—^-aJ _n o j , 11 >.1 4 , ,„ilL) Ll_ < iimj __, ». La (jlj -^*^ (_l J ' 

i_ij_ib J__L>- Jl_- . _jUj_l_j__I (jwo N JjLC j___i d-ajln ia (__1_ ( _ , ■*■ , „ ', j 1 

bi____ l_L_ t_*i,_D n (l)u n ' (2)-v n " (3) j_J i( _j-__>._ J __- 

j^_^0>^of--.^--JLj-U n5 „._ n » _ L__+___.-N -JL_-_j__t 
j__i oLijM.-yll 5_uj__ -JIjJI «jl^J JLSj .2nl',Va n, n", n'", .... _jL_j_j_JI 
,D n ' aJL_Jl ^ j-i-i UJL> ___J]j ,un j__JjJI ,<u____»JI 4JL_. (> L^_jj__JI 
L_ T _)L Jj__U (_-—«-« — JL _• (j-J 3j_a . I____j il> n _,_ __!!_ (jjj___Jlj 

. Lgj^U. JjL--i ^ , JL_-ljJI ^u^\ -J-L_ 0- LjT cr- -j-jj-i-jyi _-a 

(_____ (jV1 -_"-JJ lL_> __J__jJ,l _J_Jj__JVI SJLJJLC _j"_L>JI ^iii -1 4 _l milLlJ 

f j,- -_-H aJL. __— j ,__- Lj_j (jl ((j_u__ilt->"ia) (j_jjj_aj_i _,__ Jj -r", 1 11J ~_Li Jj_U 
.3_j__ayi _i_ j_«_-i L^jjj- _L_J,I JjLUI -_iL-_ Ll .(-____! _____! ,___) J__ljJ1 

JjJ__s_a ajl -jl 0 j , 1 1 -.1 1 3_jJ_c JljjJI (jwa _v_>L>JI ^ 1 n iill I i__ JJljj J-_ 

3l,l_ a__ D n (n = 1 , 2, ...) ___J .^ILII ^L _JJj_ ____j 4_u__Vl 

j__| j pj l_a -jjlj'^1 2JI J (jl jjfc JL__IL _j___1IIj . J__ljJI pj.- CjVL_ 

Lo aJlj (j_. j j; t",1l (j_-u j«J _k»J -Un a___J (__——- (__J 0 y~< .' I<ji <* jj ; «",11 (j_-«J 

oljL__i.l (__— lij) _-_>Ij_jj (3jL___a a_Jj_jj _jli) 3, l i I c ■*■! j j ■ - ---I 4jj1 j " -I 

V 4jL _,iV» ^jg Pauli exclusion principle jl ■ m , „M1 __IjLi I.i 1 „» (--L. Ij-J.1 l__ ^a^j-j (*) 
u^i,»--^ __-J V «-1 tSl .'^S^ X^S1\ jl__'VI ___- lj__. oi S__1j 5jj ^ Jysj&Ti 

.^jy. jHl] -jljjll ^jj-SJ^I c^pJI ^L-i IjlJ.1 l__j . 5JL=-JI _>__ (_s Ijj-jj j! 


i_.jl S _-JI __IJ 5 jiJI o» 


<-.Mi«i^j _--JI cjUj ... -».11 Sjjjlc a___,L>JI JIjjJI (n, II , n , ... 4_-_-U 4 

i4_uU-_>Lj) 4j_«_»I 4J (jj__i J-9 ^l'" , ..VI | j__ _)| ^yi jai-jJL) idi-i j j^ (j_9 L_bL__ 

4j_>L>J1 J_U_U mJjls-L. *jll «lJjj L__l__. Lkjj__ .jji; V jl Ujj 4jI VI 
-_*j___Lo 3JU (j-a 4_)L_-_J (a___>L>JI) 3j_UU ^l jLs-jJ J___ l( «_-II l-Cy. K i - 

CJ-^UJI tjjt <L£>.|j-S I * 1J Jojj-.. (_g 1 C__»o :j__ Jlj ■ "II . -__jLL__U Cjl QJ i ,i-v (j-S 

*5_<;_-lj-i 3_j_-L- ,j_-Ij cjL-Ijj J_-__ ___) (j-uJ i jL__J.I JjUjJLi 4_»_i__!l 4_-_L>JI 

4___>L>JI -U_j_aJI 4JL-_JL 31 J < "II er^ -Ujj_i_JI 4_>.ljj LiiJ 

,_-j__]| J___5__j (j? I ..U-....I |_J N 5;MU-.„ -_i_jj_Lxij-a 3 -jU.l, 3 , ...,tu 3«IUU 

J j 1 ii U < <jj-fl-JI _)^»t" jl 4-aL] 3jj </-» ) <Jjj_j <CjI fljin-><ll -L- j U i a Ji-l-i 4 j '< j J I 
t_i_j Jj_~ ___ . , U a 4 4_j_>.jL_>JI _£j_SJI ____> 3jjj\U _?j--JI _)j-_J <Sj <M_3-_- 
4J| Mi - Js- __JJ 5_UJl-_ CjIh iiii->,I 5j j 4 ojrttl 4J| ... a Jj 'i V' <4_IUJI 

* immIL 4__L_-_1J Sj-UU Jl j jJI <__* D n i_.VL-.JI _,l j^--cl • jl_-.I_»1I ^jm.-kJI 

____U_J| ____ E_j _jt (j_3 j---)lj <(__>.jL>. 3j_> JL-ac-i _--5 l_I j -r~< a J j___a ^Jm ■» . ! 

• _£>->• 1 _>c ajL- j-j-ij _jjj| c_bj_L-JLI JjJj (j__ U j-jju 4_jjl_ Sj_~ L__- .3j__>L_U 

ol o j,„ -Jl ajL___i 3j_j_dl jljjJI (jl g |-,r. M,l _#l Ijl^ J^-JI mjj 
UL.^gL^I u n n < n .i jL-_-U JjU-JI gjljj.Ui mlL^N Sjujl-JI 

m;! .N LdiJjLC pj mi-wJI 4_jjUi <_jU-j-)jJ 4___u 3j_L_Jll JljjJI (j4-3 . Jjl3 _,_- 

: jl>.IjJI ^...-wti <_j-aL__J LIlw 3 jULUI 4SL1_JI _,j_-3j .n, n', n", ... 

E n, n, n", .... = E n + E n' + E n" + G-D 
_)j_C_ 3jj_i__JI cjI «j iii ->.ll cjLaLL- (jl _$! '.(_>_,j-_«JI j-o 4 -yjlill o_-* (3-»-u 

II oru ij;j__ jj->-j j-juJ _L3-ljJI j-j.M-yll cjI_.L__J additive 3% ^> 
, ( _ ) _ 3 j__j| <______. 

.aj_uVl c-ajol* u^lj 


-s.ik-i.i i ■■■■-i i 

***** M 

;,hn< «-■■■■ jl cjljLJI Cj1j_ J* ^jLiJI («plSJI») O-j^-SJI _jl 

4 ij r __3 Lljj_5j i£j_J-j i_Jj ■*■") i_JJ_ ,j_o VjLJ (___>» Lajjj iĕjj__J,l <__tl_) jJL 

.conduction bands «_Lj___j_JI __-L_L__i» _, «, ■ „j I fl j'q £__ oLaLUj jJ_JI 

jj^jj 1 o Ul i a Ljjjj 4jj_La L<jj->_o ___ ll_L_v! Ji_J 4_____JI 4jl>-jjs i_jUjj_ , I 
<jjs .^-jjj-M i__jjj__JI ___ 4____ J j__J,1 L^____o1j_j> Jj__- Sj_j___l_> <___ij_)jj 
1 () isi 11 £-« Jj___j_JI _jL__j Cj_ijj___JI jjLjj _)t <j_aVl J-)1j (_-_ i^tj iUII 

„j__ JLlcl tU-^ll (jjjj .4_i_>.jll <_j_jjjVl jjs L_j_G __JI 4_aL_>)/L) _>^j»-J1 

(J-u-jjj <JL>. 4jI ____ J_uJI I jtgj j»J-j L_C_ (j_U .--I oji,i->-I1 4 jijjll _5j_Lll 
(jJjjSLiyi --jj_ij (_, o i nj Lo J}L_- (jj> . U_. . .. ,~,tl ^jj |j_». 4__j_i_9 4_»Jl__a ___■ 

_,! <_jl j i - ■„'_'lj) 4____,_JI __JI j__jj L«_aj <free electron model j__JI 

J_)Vl ____ _>-Jj_--J J4-> !_>-LjJI _-JJ J>c--~J ^-J-JJ L__L>. _>__J £_JX_J1 I j-* 

(_,ol«ll <_____jj| ,_;?) Phenomenology I j -wjJj ij oj ij nll _>_« Ijjl__ 

. J_j__j 4j| (__]| 4_5___VL <(<~j-.IUI1 


4,9 j_t___a jjJk. I .c.L_w_w^/l Jj; ■ ■■ __!_- Jls-IjJI , 1 « j 1 1 4JI__J t_uj i_3j__ 
,(,-.f,jj -<ll | fl j „ ,„ j) .- — I- l_g__Jj N L-_J_j_ 4_-jIU~i a lLiUj j Oj-3 
. X = L , X = 0 JJ_- _)ljl J_>- 4j Ju_J1 _JjL>.| _jjJL__o __3 4jj_*j 4iij_*_-a 
j_j_j_J (_$?) (__jj_-_jJj_?UI _g j)' , nU (___t L j) N (j»a }t__ _,l _)->j--_j l-3j__, 
(___ CjLjjjjj-jyi _ju_ _£?) <__ljjJ__U 4_-_s _____j__a (___ -^- 4ji„i1l .(lj-v- 
4__j___j S _l 4_JL_»JI 4__LL_ ,.,,„ .(.I . ,11 < _5_>L____.( « f __ ? __»JI» 2j__wj 

L____lj___3_»j <(6.1) 4jjL«_a.n 4jjjJ.I 4_____Li_JJ I ' ,U .4_,jUioU 


J jljSJI 5j _ll _» 


J_- (j-^SLj 4_L_ ,_il_jjVl -_a jl 0 ^<-JI I <; ■ «; j-a j_L_j V _.Ljjj_S_VI 

•(jj 1 -* ' "^^ (jr 3 1 1 _"**_) U_H jC Lr--' 4 j,„ilL 3J.1 Inll S j j «i 1 1 4 «ijrtll 5Jl i ii a 

aj_i__j <___> 3LL.ii a T j-,;ii ^ jj ,,-,^-n yuu* j__ji __j__j !__«__ j__j 

Ua L-J-JJ j__ajj .__j___ __! LL_> iij-_S_,l c_jL_L__JI Ijlc 1 n , -> - (5.3) 
a «jt ;l E (__jl__ajjJl ,__j_»JLj . U * ~ -- '■ I i'j; ,E 0 ~._j ^-^1 i_3j_»JL) 

2___>jj Sj_.ji.Vi ajL__j,i (__a a_.__.jVi ajuji js^ j_____ ,N _jL_j__>ji 
r j,,i T i a^jj_ij__ji ajuji (> (j___f _-jj __ «t-itl (^ji __!) <j^jj-_J! 

er^l l-iSLAj >n = 2 aJL_>J| ^ya (j^jj___JI j__jj ,n = 1 ____lj 
oj>.l>i (j_Uj V ,j_IjIj !j_J. 1 s .Uj .N _j_jj_<_yi ^ (j_ jj ,«~,ll 

j ,~,r I .. . .. .'.11 . , n T 1l 4j_.___l 4j_Ij_ ajl__ JSi (_3 (j_jj___J (jja j__Tl 

(_ ajU. i_t;V n a__j_J (_i_Vl j_«JI .n max o3_j ,Lj_wjj Ijjlc N 
Jst^ l_L_ Ljjj_ N jjjJI (j_Tj __>__. IjJ) n max = N/2 j__ ,L^L__J 

Ijl^JJ .(lj_w Sj_jj_ L__jt N ______ IjJ _3j__l (j_ lj_>. Jj1__ jJl_J .V «V. 

:___» js_ a^jUioii (__>jVi (j?j)~, inLi a_i_> (J3__ 

E gnd = 2--2i" {, +2 2 + 3* <-£->-> 

2 m L- 

j-a a_j_ J_! __ll __VL_- jJl_ j_ (j-<uVI _3ji_l (»Lal _J_>-jJ.I 2 JaLAI 

(j^a - j t ,,V. _j__- (__3 ,3jj ,< N (jjSo LaJ_c . n 4_i_lj_JI 4JL>JI JJ_ jttj-S 

.4 m j«'i J$ ,,ij ^LJLij ( J-__j -Jl.i , ' ,,il (jSUj -_»_»JI J—>L>. (jLa ,a_ujj| 

:_-_- (<ij, ii-«. J_J (_i_jVl (__jjj___l 1 4_L_ (jj__ij 


Egnd _ t< 2 Jt 2 / N_V 


V ■, , ( 6 - 2 ^ 

N 24 m 

Jl J>U. (j_ ___ L j N j___ ^j ,„ T JSJ a__JI (ji J_>. V 
. N/L jj_Jl a_li_ ,__. ___ juo_ L$ji ; U. 


Jjio ,_,«< a Jj_____ ___ N __>_____ -j_->- -_?Ujj____J! 4JL>. _)VI j i ifl 

(jjs JSi (jj£-_ '"'■! "~ i(_Jj---uj>_>LU _1_>JL _jt) jit a _jj_____, (J"j_-f 3j_s .L 4__L_b 

_J__1I -_.___■ -____ji« jA N/L 3 (jj-Uj '-b-^ (*a_»Jlj N l-iLjiii-hII _J__ 

_j|jl__«JI u-Lili ,___pyVl (jTj "■ - -■ 1 1 4__L__ 4_j_i_i ■ -»*■ L_c_ .(-_il_jjL__J,1) 

-___-LiJI (5.4) ajj__ai __I1 _jj_) o^l L___Jj.jL_.ljJI j___JI -JL__ <__> 3 « ,*;t. 

(j_o 4_L__I I _*'« __clj_3 _^j *i 1 11 « J£ («-ijJJ 1 _l_-1jJI («i j 1 11 -*ill 4__L__ Cj_jj"i miii 
4Jlj___JI jJoLjj JL_-lj pj ■■■•«-> 4__L_j J_f . , , tlj 4_a_j_____ _lj_cf 4_>l_ 

U__.j__.f : 4_ i £l J __Jl 4JUJI ____ (__*) u [ uj > ---I! j-__ .nj, n 2 , n 3 = (1, 1, 1) 
ju-ljJI p, ,, I? JI l_.VL__ _dJi juu (_jL . J____l __J! -__J j-i-^l j __L_t __JJ 4_U 
(__ _ruj>--_Jl j.--. .(2, 1, 1) j (1, 2, 1) j (1, 1, 2) degenerate -l_-_i1 

(__=_ Jl_-I jJI fij,n-»JI __iLj____« j_a __icL_l _-L-.l __J! Ijj____> 1 1 j__i_j . Lg_-s J£ 
4 1 iWj.I 4JU-JI 4__L__ <jj__. j_,jL_c .N Cjl_jj____J?l > (j______, ,__j 

N (jj__i L-JL__j . JL--ljJ1 (Hjii. -sJI l____Uo £-»_>. J_--L_- N -lUlnl T-11 

£-«->J1 4jU C Jl,l Minl _)--«J < 1/N _jJL>. (_3 4jLj__! (j-Uj ~-j~- nVi 

:<_-_- (fcf--->. J-^ ur^J^ 1 t£j----U *_>L_5 _)f £__J (_J (j_«j . J-slSo 4ji*_-l 

______ =2 E f , ef = — (3jt 2 -H )2/ 3 , V = L 3 (6.3) 

N 5 2m V 

-JU. __L_i -__U_> (_Lc fermi energy Ef «<_-*j_j3 4__U_>» £_J_u____ jikj 
5_ujlc 4__j _,j_-j L_-jl__ occupied « L_gJl . r„U ,„ -».11 __oL>.f 
-uLjj > __Cjyi j-lc __ic (_-«j-j-i a-sLL j a -n*ij .4_u__>jVl L_g_JL_-. ___) __>! oj ,,i>!l 

_JL_JI 4_.L__- ___Cj <__>_-_ I^in 4 ,,„*,'l 5jj___, ___> V (-i_J1 <a_*--Jlj N __--JI 
(jj^-S-jyt 4__LL_ -....jJLa .4-3L___J1 _____ (j_i__JI 3j_) ^ j_jj_-_j .(-_)l_jj__il) 
.(__.j_j3 4_)l__ _)_iU_-! 4_>l_ ^jLj Eg llc j /N 


_>jl9_JI _JJ Sj-JI o» 


1 ju_ i_JL_» (j_o y«J jjj . 4_lj^_cj Sj j" a (__ljL> 1 1 1 i a CjI ii j iU"i (jl OjLjJI (jjs 

^hil 4 j .>>j .1 5JUJI cjLjjj-jUI J£ i-,u (jjjLi 4 . i^j ^jJi ,> j j ;nn 

n"i __>j__ 4JL>Jl dJL-i ,___. .fij.n-.JI 4j_L>.l 4j__Ij_J 4JL>. __j_l N CjI <ij i n->JI 
4^j___.jj_UI L y«-i_J lj____ _JjL_j ,__,__. _l ___ (___> <___l 1 / £-a Eg n( j /N 
(_£Ji_a __L_ bl r.L-aj -jLjjj "<iyi (-JjL Ll i a £jjj .Ijj- <j_ _JLJ . (3j j i<ll) 

(__^j_j_ ______> j_^bj .<-->_-9 4_aU_ _JI _L__j ,Jl^ j__-IjJI pj ... -» . 1 1 ______> 

jl cJj-i ,jjj___lj ^ * j cJj_ _ijj__JVI _>_- Jjl- JJLC _nj -jl j__ L-J- l_t». jij_u 

_jL_u__ (__ L^iLLi- ___ai - J i: J j__jyi _j__ __i_i_- jL__ vi ,__ j___i _~ .___1 

4jjL_L« Sj-u-" _j_Ul I j_- (___ __L_L__JI jL_cl _>_Uj .3jyj__ _)_>Ij__Vj . Jj__>j_J1 
.UjI_ (__> L_- .T j _Uj_Jjj ^>Lj k B __j_- .k B T 53_j_*JLI 4jjI j_>JI <_,U_JL. 
__.L_.LI ____ - 273° jJ-Li, JIUI _____JI) JIUI u-Li-II __L_ 3jlj_>JI 4_».j_ 

:4jjL_l L_LlL_ Tf _-«jj- 5jlj_- 3j».J- U___«j l___L_U (j-s .(_TjUI 

k B T f = E f 

4_U __JJ __■- -"I CjIj____ Sj__ (j-a 5j_uJ.1 (-j»j-l_) Sjlj__ _jI_>-j_ _jlj_- 
(j-a lj_u_ ____! _jIj__JI 4jU (__ L$jL_ 4_i_tj ) iiil_ j_tj jl ._►__>" 3_»-j_ <-_jl 
. T < < Tf 4j__IjJI SjIj^JI 4_».j_ 

(_£_J (-_J .«jil ____ (j-j-u . j_»JI _)jj__JVI _-j__ CjULs-- j__! (___ ____- 

4_ll_>j_I 4JUJI _~ _____ _ULj_j VI .__lji_JI ___ Jj__>j_JI <_U_j (_jUjj__JJ jj_ 

— jl <ijm->JI Sju__- 4JL_w _;l j_XJJ .Sj_JLl Cj-LsJI jx Luajl _UL—lj l-*j|j .Sj ."il ia 
...oH 4 _i milLjJ . L^Li-iJ (_i J_3 ^j ,ii-»JI 4j_L_I __VL>JI fj\ (j__ ~-l____^lj 

f_J____ 4jj_>L» J-wljJI y-j.n-y.Tl _jVL_ _o_« _>. (jj—J _J_AJ_— l_*JI JjJ-C (____>jVl 

4_«j 1>> i l SjljJll -jIjj"i i ii II i fil"V a (__3 _J.I t_ij . L^_j_ _>-jJj .(_— «JJ-I 4_)L_> (_-J_- 
__1_-T pj iii -»JI 4jjL>-( __VL- __a _J_ijj__vJVI _>-_li _)j-_ CjI o J in-yll SjjJlc. 


J___ul jJaLi- l_jj) irth L) j_a- in a I JJk (jj£_ (j^ L>-J' 1 (j^J •Lr''-/-- 9 L?."" 1 1 " a lj-° 
_$ j~i i ii a J___i| JL>-ljJI jojin -»JI i__VL>. L-jjir-ii jjjl jL_ij Lo LJLc.) Lr^J-i^ U?J> "' 1 " * 

juc i^ajj? -_Lijjj_J) jLc (jjSJj .(holes «L-jljJui» /\ «<_>j_Li» L$jt (_____ ^«_>j> 
.4_>U__J eigenstates 5j_u__ l_iVI_>. ___J__ jjn a (__c ~u__L__« 5jlj_>. 4_>jj 
4_u_.jVl 4JUJL. SjL-JI _^_L*j iUiUII lj__ jla 4j_Lc SjI j_>. _-L».j_. j___ L>l 
2>J J^ 4+__j (__L_ ^JIj J_L_.Vl ,__ "Uil^Jl 5j_UI CjVL>JI yk 5j>Lc 

op» <<_. (>oj . ij-js ,_jj_i c__-j l_j_j - ,_.jj4 4_>u_. ___cVi oUjjj-jyi _>« 

Ljjjjjj_JI N • _JjJj _-_JI J____3 __-> (_jajj_» _Jj_____o Jj->- 4_»_____>l _jLjj___JV I 
j-jj "ul . _j ^j _Jjlj_>JI Jj___>j_JLj J 1 "n Lo Jj_o 4jjI_c 5jIj_- i_jL>.jJ J-lC jJ__U 
(*j-i~ 1 n~i V (^yjJj-jjS ^gjnn « (j-i. Ij-jJ_-> 4 iri ii Vit,l CjLjj)j_i_jyi _)V __Ujj .(_yjj_J_) 
j_klj)J_JI ,_--- 4-«.t V"mU -L-Lt-JI qj> 5j__i__JI jjjLSJLI (-J_JU jl (j/-i"i<"> jl 4Jj_iii_i 
j! I _ * J '* d'" ^-JJJ-SJI JL»-ljJI -J 1.1 -.11 _-VLa_- :4jjLc 5jIj_> _-L_>.j_ J_c 
wJLuk .L-_-_,L-_-« JLL-jLj JM--J V (jrljk* 'J~-*^ *-- J -" S--^-VI ,__3 jjS-j ■! fllrti.it 
OL-wjJ JlIc _-_->■ I Jjuj jL-JI I j_fc (jf l_->ljj-s ___«j_i-. jLi! 4 miA, »« 4_j_l->L>. 

j_j___il_ .(jJJall j-a-uaJI 4_>.jJ JlLc (____>• i4__j-_L>JI __-9 iJj — 4 tsi n -r'ia 5jlj_>. 
L-oJ-Lc (___>jVl _"j* ■II _--_ 4_0jJ__JI jLj_j-I LL_w«j ._>_]-_. 5jJ-_-JI Sjlj_>JI 4_vjJ 

.y» 4jlj ^jiUI -JJj 4iLU jjii (6.3) 4JjUI (> c-JL- >» U^j .T = 0 ujSLi 
jLiJI ■L:.u- a__-Li_Jt c_JL- jJLuol (0-^.JI jlS U__a i V (,^1 

J__ju (_gjJI (jljJ_>JI J_>.| __ic •>!___« i5j>_- Jjj ,_~jjJ- (jC 4_aLIo j|juo| i i ij 
JajL__JI .jljJoJI (__lc jLiJI 4jjjj J_JL__ (_ic LoJ_l« LilJj JjU .(jni<« 4jJ_wIjS 
jjjLib 5 , ,. lj i ■ . -_t_ti! ~Li_i__JL 2 a l Ul t 3 . M ,., t l 3 ^ -, 1 1 j a j__aVI ~t_L___v __3 P 
:~d_L_ILi (4_t_>Jlj J_J___J| L-ijj-- J-oU. jL_ejJ (j--«j 4jL_JI 

^jLiJ PV = *| N£ f (6.4) 


iSjlsUI^ISjiJIO» 


:_3__ _>_jl-_U l_i}U_ 4___jlj _;jJI (__L_.}__JI __l__,l jLill _)jj_3 .4_jl___U 
(_l_u jl_J PV = Nk B T (6.4') 
j^SJI ^j-t- jL- _>--v ..Ui ,x (jJLUI jLiJI JIljj V T = 0 jlLc 

<LJLt 3jlj_- CjL>.jJ JlLc .JjlUll j eiinW 3jlj__- 4_».j_ JllC IU« J-Uj _J_JI 
-J.Luj <_JI (__aj_i_ jliJ -JLsJI 4j_l__« Jj-__J .,__— «jJ^ 3jlj_- 4->.jJij 4jjL_« 

3 jnOi a^^lAiLl i .-. ■ -. T < < T f ^Uadi (____j .3 ,<,,„M_JI <_JL_ll jLiJl 
jl_c (jj Jl__j jLL-JI __J_ .3_j_j__>L_JI 4JL>JI (j_ 3__>-L__a «j>_-j 
. degeneracy pressure J}_~-VI u____ (j_ _,j_jLa_-jj .J___« __-_>j- 

c^j_ (j____ _-lj-l_!l (_- Jj___-j__jr(J_jj-__-) JjLU. _ J l_jj___Jl j___ 

__lj__U (_*^->JI J-.LUI ,__ Lu-L__- J}L__jVI ______ _j_jj .L«U_ JiL__VI 

>.'«lj ' L__jf .(j_a_>JI <_a jJoLil j_ii_JL J_J___JI jj__ J_Ljjj (__.a_fc. ~ JI J_L_ll) 
(jj__j . | ; , „ a J__« .^jL-JI («-*-JL_ ._)j__l *l_j-j- <-- Ijj- J>L_*_VI J_i___ 
L_jd__L__ _ I , .,1 . .. J^_>. ■ A j '_j"j J'J _r* ^ j j 1 j A j L_Ljj__JI (j__ l__l__l 
Lkj_»j^>. ___> _Jj_~i _jULl_j __Ujj___JVI _jj__j •3_uLj_<»_j_) L$i_ j---1 3jjjj 
__L_L__Jlj 5jlj_-JI -_U.j_ 4_L_ ^ljlj ^jJI <__JL_LI jLill ,-____ 4_«___L_- 

jLijjj_l 3_^_>-lj_a ___ («_»__JI jlj rj~ , „1 <__!__ jLill ,U« ,x J*-». <*'<j j I 3 , „ <i'i 
S4j_L>. 3j_> 4j_-1__JI 5j_JI _)*- Ijujl^j -.UIL JSLij ^--.---l jL$jVlj <<____L__JI 

j-a . I j__ j»jL_j jLill J_____>j . !____ 3_U.I s-lj__wT lj__>_ (jl (_1_ J- a — « J (—4-3 
Jul_^j _— — _ I j— bj • L_-_u jL^j VI ___ («js-JI f— _•* 7-jj 'j_^ JL___I <U__lj_ 
4jL_j <_a ___jj__JVI jL_l J>-Jjj i(_Aj-j_3 3jl j__ 3_>.j_ Jylj- (<u (j_j .4_al__JI 
|j_>. 1 j j ; < («La-JI (jiCj («J l_l .degeneracy regime J>L__VI ^Lkj j_^Vl 

,__sl_- _jjj___yi j>l__i ______ (j t _3 . 1 jl>. 3 j_i__: jl____ji _$j_ji jij__ v ^M-r.i 

white _>__jji j-jl 4ii_> __L_ SjJLI ejjb jj-_>- ju__>_ ___s .(**_JI jl j7Ti,,,\ 3jL_V 


S. Chandrasekhar j' ~ : ■■■ ljj_iL_ L_jjl_ Lo_' ,s___-J.I 3J__ji .dwarf 

<_!J L_j_c*_o (<_fc_l <(> _«-_JI 4_& jJL3 1.4 <-!!>->- ^jL-j 3j_o Jj_ 

3_>LUJI 1 i M.it 4jjVi,ill 4jL_ __9 (jjSj 4__j .(^-aj _ I j»jJ-l 4_>- j_o __9 _ h ij_' J__ 
J-JJ. _J_JJ fU .«_>. jll l_l_ (^JJ 4___j! ^jjl ^LiUI jL«i-l (j-O ^.jJr-.nU 

3_,_S ____. Sj_o 10 7 (jjlj*. _-_4jI (-j_J a^ J>9 J| 3_____l .JLaIjuII jj_jJI 

3jIj-_»JI 4__>.j_ . Lljj— 5j _ ) _.j_'I jj_3 ■ *■-'■ (_£jL__j »jl»« ____j '"^l 
4_jL3_o .___-}_? l d i*\ I j 4_jL_ jJljj (__j .4jj_« 4__.j_ 10 7 _jj_- <___ 4_jj_jJI 

_L>.jJ L« jJ— UJ . 4jjJ_4 4-»-jJ lO^ ' __flj__ jjjj (^yjjl (__Oj_L_ Sjtj^». 4-3-jJj 

.(jlUill j___JI 3jl j__ 4_vj.i J__ _-_JJ-l j»j__l (jjSj jl_'r VI <___ -_Lijj_SJVI 

(^LiuJI jL^-l __o *_L_ij (jSUj V 4-0I v ,^11 jJL. (^l _LS lil 
lj_>. 4_JL_JI 3_3__JI 3JL_ _JJ jJuu __j___ 4jps i( ___jjij____jyi jLiJI 3 U , .,1 

__Lijjjj_Jlj olJjj___VI (jjSj (jl Julj i«_J_ijj_ijj_JI (j-o j»L_xi __JJ 4jj_>_ (_l!l 
ij_jjjj_u + (jjLH^ '_Jj-— -J1 + OJHSLh 1 J— L__l J>L>. Ljjj_3j _____-l j__ 
jJL f y i 1 1 (jSL j«J I jjj . LoL»j (c_a_JI (j_o «_jj__ JL-9 <_j1__j_j_>jj j i II (jjS_ij 
L-__>.Li l_JL_a ^*— _JJ (jl (j^ <IJ (j JjJ j_l_J I J^Lstil ■ L - ■ '■-> (jL_9 i4_«L-5____l 
<_Jj («-«-Jl _,6~ij 4JL>JI _l_ ,___ .__1_I__JI jL_$iVI 4_4_>.lj_o ___ jl j 31 , „>_ 

4_cI^jj Ijj—- 1,1 tvi'j £jlj_« L__ Jjl— "ill .pulsar jL__L ji '(__jjjjj_u f_>_ 

5j_JI 4_JL (jjjjj—u — (jjjjjj_JI _jJjj_ _>V (_J__ijVI j-j__JI ■ t ■ ' L" > La-4 j—Sl 

(__lc Cj Lj jj_i j-jjj I 4_a j tPi i o JjiL_j LjjJ-Ic. I j < 4 1 j (jjSj V j a Vl (jl 4 >-jjJ 

(0 tt itl _)'-' I M ' JL>- 4_jI (_-l— J • 3j_j__a j_i_; _jL-jjjjaj_5 _j_o (jj-SLa jLc. L^il 

(«J l_Jj '—jLjjJJ-J-JI 31-1 ,'lljj (_,", -V 0_LSjJ (jS-OJ _ i 1 -, J ~- J I J__w Ij J I < 

4_iL_ i(o_I__l j i i n"i i ii a j_«__l ___ SjuljJI 4~l"i^ (j-a (_i SLj Lo j-_ u (jl _t" > " 1 "J 

^L__JI IjjjLi »-jlj__ (J- (3_>1 .(_;__» ^^J-Jj-»! i_>_ j tljjy-L- ^JLc jL_-^_ Ijj-Li (*) 

i".-,iM,ll 2__iVl j . ,:r, ,„.. v lj_il l_*j . \ j-L-ll , ^ ,^ J>U. JL-I ^jJI 4 a__i>U 

_>M_JI Ij ;r ^rj i^j^l c-Oj-il -__.ljj L»J_,j M.mj ^l ijjU-JI j.1 ^»'VI (>_ SjjL-JI 


.black hole _-j__t (___ __!} Jj ~ ~n jt __JJ ojl j jil J____Ijj _-j___ 

L_j__>Jj«j 3l_o—L <_»__« _j__ _*! (___JI _;j"i i n a (_— - (— ~l l_ jj K . j -« j i " *"|J 

.j-_jL_>! ( *• i — i II _U_ 


«Ij-ll 

Sju_c -jljjJJ -____L Cat.Sl^ -~-'jJI UJLH^)" 5 J J t 9 J---JI tj- 
Sjluu 4_U_J Sj^l -__j_!l -J_L_l 4__JI 5 : U--,T I J^1~J1 ^.-.«re _,Ujj__)M 
J^L^L-L J__!l __. £jj--JI j--_j _j_jj__lVI jj_. 3_Ljj 4_t j-aljJlj . JLii! 

_)_J . 4jjJl~JI oL__LkJI JJ_*-J (_— *• *^~~J '.'!»*■ * (j "■"( a j JuaLii _;_J_. 
i <jj— " (JjIjJ- ~1 ~ i; Ij_Jl~__I J-jlj J-— > Lr— ■ JJ— — l) — u>— 1 1 J J 1 1 
JJJ— - _JJ 4_vL~j Jlj_ -') 4jj "i t « 4_uLj-j_) _Ji l-l— — — I i4_— — ~— « 

, i >'<-> «" l^-t '3ju_». i—j— i l-J ,4_^___ Jl 3j-jj9j .(_£jj__I jjj___I ___) _£j-_j_». 
4jj I < I! — -j1 "ill ^j__jj Ijlj___~ I . ..I . -.1 j-Sjjj ,4jj__ j __jLjj— _-— — I _>-_-~JI 
3.1 <u r[\ _Tj_JI (j_ 4_J_JI 4 mi^LUI ___ _,i^L_— — _j__J j . L$-__J I *j • ■■■ "~ J 

-^Ujjj-jyi 3jyj__ SjjJLa ,4jj i ,„■'! _)L__j_-____I (j_j spin __JI <J_ 
.j^ jl_ _JJ :>__ 3j__- 
1 fl y. ___. -jLjj__jyi L*J_J3 ^iJI ,_>_!! (j_ (__»!___! _£*! IjJ 

(__ 4_j_~JI 4l"",„fl L$_t __!_ _.Ljj__J)?l jo» J-L-JI ___«j Li^-j ,____J1 
(-__L-JI) 3j_j_ai _,Vl_J| .ĕj+uu jj___ jj_Vl _jL_ (<-jj-~JI Sljill JL~_« 
'. J_v.|j ^j i ii — ■— 1 3 j j « 1, 1 i_)VL~_ 3_L__« 4j__p ^jIjj (jj— — - 3juJl_ — j1 <i j i „~1 
jl— j — jl_vIjJI ^nj i „~11 _iL_L_ _-«_>■ J— >'j->- 3 J—Lill _)L_L_JI _j— " _9j__j 
Li__l . __-ljJI ^ j iii ~1 1 4JL__« J_>- ___Cj («j _-«j ( I j-A J_ (JJ (jjJ-—!! 
,(_«jJj_JI j-g_~U 3 ,.„;1L J-_JL 1 jljU" Jjl~JI _a j__ g-J-JL L_t _Uj ^J 


U_jJ SjjJI ^Ja _Jj___l - _J>-S~yi ^LhL JL-a_>1 _1 er* 4-j___JIj 

SjjJ JU_.jVl 4JUJI jL___l <__ ____ L__ ,_U_ 4__,LJlj .Sj-j_»JI Sj__JL. 

Sl jj JL»_a ,_3 J j_La ojj-S-j ^L- __3 4_L_JI oLj___a _J__i . _ Ljj__JI L&i 

_JL__ E n j-_jJI J,i .-. JL U_l_j .(5.15) 4j_l__J.L Z ^jjJI L__j_- 

_jl____ _j__ -Ujuj . Jl_J j f>j ,„y 4__L_ ,__ ajuk _1 - j i>>j_J j~ajJL 
•.(__ LjJl_ JlsJjJI (<u__»JI 

Z 2 

en =-13.6 electron volts 

n 2 

_9j__ i(jj^__l - _ijj__JVI jl$_«. JL»_>Lj ._Ljj__Jj L$j 3jj -JL~ ___ 

J__l - n = 1 4_l_Ij__1 4jL_JI <___ 4_^__jVl 4JL__1J _^jj__J)M }L_ oj^! 
4_U_JI jj_j _U_ ,_1_ pLu .J__«l _Jj 4_J j_-Vlj <_J_I (_!l 4_J _^jj__J)M 

__J .- 108.8 eV ^ (Z = 2) ~ j j j » SjjJ 4_j__»j_l 4JL__J 4__3j__j.l 
.(J-jaLjj j—oIj — _ (ji-.ojn II _jru ___j__L_ .—78.9 eV (__ "uU 4__i_JI 

.(jjj___j - _jjj_jyi _jlj_I_ J_L>_ Sj__J _i-Vl 4->l .,. M L-jljJ-JI __a __-Jj 

. (jrtjjj_!JI _ho j_?i L$j <___! oljjJI (_1_ L_u! I j__ i _ i — . I. ijj 

i. <jj— gj CjIjjLjJI oj_s Jl_-__>! __LjL_a _►_ . *• . — , I _l Ljjj__ — j . n I I j^J 

■ I a "< t'i _3j__j . LjjI iii ■- 4 « jU 4jI_ __>jjl __3 _jLjL_Jtl ajjt _j__j . Jj__*_a 

l-ijIU U 4_L_Vl £jj-l (-Lc .L^-Jj—J- <L$_jJ— (jii *. II _jjj___ll jji s 4__j_j__ 

cj_L»JL 4 _;.« -J___uVl *.__ __L_ l_l La 4_3j__- .___ JL__) U___^L__ 
_tj_- 4_aj___a .Ll_ul '. (SjjdJ Sj_)M 4_JL_ c"_'_»JL jl ^jVlj 4_ f __ J Vl 

~ui__j L^jjJ Laj 4_jj_>j_'l oVl_JL JJj—u L*j_J .CjLjL__U 4Jjj_J,I 4_j_IjJqJI 
■3 Ij j ■ J_Vl _rl— L^j_j_. ___>J (jSL jjj (__jJI 4jjL_il _J— J (jl (_, i j ij .4_t_>l_- 
SjuJlc 5j_ __3 _jj_i_J] _;l :(__1jLo (_-l— 4 i i i a . L-ul . -«■ I tti l j t> i~ j i .ij'.j r«J I _l 

SljUI j-jiib _J1 -__L_oVL ,j;j__Vl _jLjj___VI J_j I j_j__a _j_j c J Ljj__J v _l 


_j__«j i_Tj--- , I l_Ljj__JjLI (__cl j_JI <__JL___-_'I Jjj>JI 4^jl___jj .4ji_. 3JI 

i4_}_aj -.JL». _-a jl 1 ") c. VI j_i_- jjjJS-^l ___ 5j_JJ,l 5_5__JI (_-___> i_iL____ 

JL___J| J_j_>JI in^ _>_-«»J -Ij m_JI «Jl^j . I ■ 1 ln SljjJI j-jj1j __JJ 4_J___VLi 

___i.L _;jJI i 4 -Jl _m-j '6jl> "'^^ 1 _-s j-jj- 1 effective potential 
<____ _aji_a _,_£. -" c-JL__-_l ^jjjill ___ ._;j_--"l _.Uj___J)M jL-c-l 

4.1 _jj jj-u I j-_>_) .SjjJL-L l_I <ii.-<. ___U_J 5j_L_J.I 4__j__JI _Jl____ J_- <«__ 

3j_cl 1 11 ill 4--j "1 « i_jp3 _jjJ_ C__~j__.l 4 _;j__,| <Lj-_— ■ ^ya . i__L____ ___ j j 1 n_i 

— jl ij ■■! J---J <<_ _-aj i JL__JI J fl -> -n 4 j n 0 Vi jLp_-l _JjLa_a *l j_».} __fl 

j » n - ll Jjh-" jLoi-l (__JJ _;_Jj _£>>■! _j>-v j' ' Ljj' - i-— > lj-- 2 - 

i___ ___ ai--, ... _ _j j___i __l_ _j l___ _jL_ J j___jvi _ji___ j_jL-c . jl___ji 

__fl ujLH-J! - OJLH-^y L?>- L^ (JJLi-J ___-_-__ I _>-> _--) 3j__j_a <J_$_»JI 
_y» JljuI __JJ cjil L___ jj La S_Lco . Lj_u>_j J_--M __ic .jL_-C VI __fl __ j__j 
. Jj___a LSj->» --*_! __ic _____ j--__u$ *>LJ_- I j-_ 

.4-J_- a^jju a_u_, jL__ji j^ji -JljjV 3__j_jli (jjjJ-Jl) cil>___jl u! 

1 jjjj _JLi^_3 : __LjL_JLI j _j 1*1 1 _j-a (j_ol »1 <i 1 nl __IJ L___>j__ SjL_-VI _____ij 
Fermi - o-l—ajj - (___j j «, Hartree - Fock _dj___ - iJ>jjL_. 

j? 4-LjjJ-u .V e f_- JL__ ___-_>_ j__->- ____ jL___VI i^j-ij _j_5txjj .Thomas 
J* __JJ Jj-liJ 5J_--fi --Uj 'M-sl 5,u stl ajL__JI aj'____- J_- (jl__ lL£ ;j_i-lj 

i__jj___iJl ___ .L_L_jj___jyi _)V I j__ . j-a_>JI -JJj ___ j_>.ljjl (<ij in-*,JI ajt 111 g 

(__gj_uj . JL__JI JL^>JI _-- 4_J>L____Lj 4_Tj_*_-« L^jf __ic Jjs-O i4____L_il Jui) 

_ji __JJ jl__>L_) jpkj .1/r ___jJj_JI (jjjL-il ju_j j__ __JJ _-_-~j jl^>JI «-JJi __>T 

ji vj . 1 jiji-i 1 - 6--*? jl__IjJI (^j 111 7.11 ajj ,„ aj j__j____. j____i jjSLi 

4_>.jJli J_i_>. 1,1 « ___c (jj__ j? I jufc f. IjJ ^jU* 1111 V 4_uJL__Jl L-il j inl _ll 

-jL__a __Jj_i_l (ji _j_»JL »1 itmtl ^jJLI (jnrtnjj .L_j>____il (__ic 1 ,U'II -_j_)_C 


i iM,l j j'v ii"i1l (J « "i i ii j iSj -»- i__-_lj pj iii ■»• 4 <i (j - (__JJ SjyJuJI l_-I «i j i .. ->»1l 
^i~->ilj . Jlj_». JL__- , > <j->- iiJljjV u t i.il) (__-) -iiijii-- (jLjJI (__)j-_-L>Jl J_-_JI J 
-_3*>L_"-L i nl"Vj -__-Jj .JL>- -_>lj Lj_aj_*c (j.J J-$_->JI Liilj (jt liijr t < ■■>-.*> 
. (oLjj-_-)*l JJLC l_3>L-_-L. ^!) l_jIj_.1I 

JjLu L. -JL- jt) 3 j iWjVl -JL_*U JL___JI jl_s->JI j__ J_»L-__- L-t ___* 
(jA>«j 1 <il i .1 £_ij)__j (jt I i X <ij . Ljj___JJ Z (_-Lc (_gj " --,1 "U..I «" - 5jjJ (l^LAa 
. V eff (r) Jj2j-- JL__. ____>. ^.a L_j_aljj <_-_u-j (_-_-! "ojl-J.1 (_>__-____>JI 

l_Jj__0 U__- j ""i I.. U j-j-i ^j^JI (^jJ^SJI _-4_>Jl -j-l-j cHLuj (1) 

•(jt *--tj-j («J (j-oj • LgJ-o lj_>. Ljj_- o^J Slj-JI jljH-J OJLP^)" 

V eff (r) > - Ze2 / r , as r > 0 
l>- ___•___• j (j__j) SljjJI (j__ Ijl_>- L> j « i (jjj____jyi __!j_--j I o K (2) 
(__lc Z - 1 3jn i-,U oLjjjJSjyL a__c 4jj_*_UI -Ij-UI ^jj <Lps <oLjj__J)/1 

°.(jt *-_J_-> («_ (j-aj '■ C I <j"i i T i°ii __3L_-) 3j j 4 i<-> <lt-in*i 4_u__ 

V eff (r) > -e 2 /r , as r -> « 

JL4_>JI -Jb - -j- " .Ijl». *>j-j-i-^ "-"j Ijl». 5 jji ■ <-> l__L_L__U oji-J ^ LjJlLcj 

.-j-Ll-Oj-oO? 

4j_jJI (_, ir-Tii-ni i) (_£j_>j_- djl Lcjj . , >g ->jl l_U j Jjjl_»L_j j__I (j_s (j_L I <ig- 

ijj-o J--.I j pj i ii ->.1 I j ■■■lj*_ (j*C <i i (_-jJI -_aL__JI -_-<•, '•' (jl l_3jju Ljl__ < ((_, i « U j 
*-« L__utj ; L z j L 2 ^jljJI ^jljai l<Jj_*_JI L ,"j<i< g _ a Commutes -_J_L_ 

J__k_1I (_-_) "L>j_j_U _J4>JI "L__3l__- j_— il) S z (jjj___J>U (_-Jj_UI < iilll jj«"a 

"u__ j_a _l>.Ij) pj." -_ -__LL_J (*L__>L>JI) -jja.U l_j*_ , L>JI LjjS-i I _v___>j .(l>__-I->JI 
jjuJLj <m/ j / ^jIjjM l/jIjJ.1 --1 u "j q<1 Otjj ■>< 11 (jjjju-!L labelad 


iSjljSJI^jSjiJlo» 


juJ^I (B... ->JI l_U_U_ -i o .«"■ .n (^jjjJI «_-_JI _jl_JI_ m s (__1J1 ,___JI 
<-h ^ .2 (2 / +1) j_b J>L__VI _L> j--j- -hs -i ljii^ en,l 3jJ__II 

__'-tj« _J j_-_i ,jf ^jU".mm V mS (jt -____>. 4_U__U __- 2 J_>L«1I 

J____l^.L_i_JI_.— 4 ' , « , * jZ jj__-Jtl Jj__ _> __1_J __IJ lJlJJI) J-___- 
^ 1 

.m/ (___i _j__j a *ai <-__-i -j_- (21 + l) _uuij t ( -— 4-o.j-^ 

j_*J1 JJ_ __* _ij_o _>-jj-jJI _-»-*II _j-*JI (jLa .4_aj__- nij j m| j | i__j__ I _J 
. . -wj^j :5 nl'.-UI 4__L__JI l_i_L_- j j»j mjjJI counting index (oIjjjuJ.1) 

. X\ min = l + 1 Jl__, / <_a__« 3ojn1 JL-JI Ijlu ,-!>< U.r.VI 

.ajjjio 5 ^ 1^>U____I J__ rs+Jui JU.jV _,_l s— LUI _,__tl l_u_ 

(jjj 5 HJ«I JS" I ,.->-l.r-»J .l-Uj JL_J >L--_-l CjLaLi^u __9 (BJ . _j! 4jjjJI i;ljj-L_JI (_3 

: I j<_> 4_i_c --}U____ _l ^ U LlJo .mJJlkj! i__j_- / jcji 

/ l»j> i sjv_ 

0 s 

1 p 

2 d 

3 f 


LjjL_j L_-U_ e i__j_»JI __.j_>. ____ .4jJl_»_jI f i__j_»JI jl_j 4 <iM nll 

__3 J_H»__! l_3j)j__»JI ,1 . 1." n i j « j_U (jl (___Jli . 4_u_(j "i^y 1 _JI 4J-T m i I I >oa _piJ-J 
lJ3jj_=kJI jl UUc (j__J ./ (^JI _J__J 4_pj___JI 4j_jJI (_JJ j_-.-1 -_)___$. 

4jj_*jVI 4JVjJIj n (J-jjjJI (___!! jjuull oS-a ./ t-*-JI -juJJ * - ■ - '■ •■■ - 

j__aj_J <lj_L_j .4p j) 2S Jj-i_J ,j_. CjI j-!^_ <__3 (jlo ■ >»_ / (_-_JI JJ— JJ 


xS.lk1.l l ■■■■-.I I 


.(n = 4 , / = 1) j (n = 2 , / = 0) : j_Uj _jVL_ ^JI ,_-Jlj-JI _> 
U. ,,->VI "juJI -kJLi-j !__, _,_ .3 f J5_« SJL- l_u? iiLLLdj _jJ . I j__j 
. / + 1 _>_ jj__i _j_u _,? (j£_u V n (ju _, ■ ~-~ _;jJI 

4 o j nt n SjLj j-a 8 n / 4_3__!l jl-ju ^^U.^.l __JI _JJi (__>.j_P 
J-y i n'i _J .(__~jJj_JI JL$_»JI j-« j <T( < / __3 J^Lejl Jjl—IL _jj_ejj . / 4_jl_a 
SJL». (_jt __- ( rtl"iVi (_4_ .JLs-ljJI pj in-*Jl <_il_L_J 4 jknll 4jjJ_JI («u_JI L_ 
_s}L__-L ( <il~ Vj JL__JI Jl-$u»JI (jt L_l-j_a 4 ii j ii -. (n i ni __->•-' 3j_ (j_ 
4_o-L (jjj ._>____! 4_»JL_> 4 iil~V a 4jL_fl -J-$*- _JLi_ . JL- 4j? ,___ CjljjJI 

___. cjLjj - ,„ll j__ c L___j)!I _>__, JlVl (_lc jl_s: _? 1 ;;< fl j ._>_-? 

j_> .4_LL_ J_L ItJu <£j__l _|J_j .4_j3vjj_u CjljjJ 5 ; .4_L_JI _]" 1 j""' 

ls, 2s, 2p, 3s, 3p, {4s, 3d}, 4p, {5s, 4d), 5p, 6s, {5d, 4f}, 6p, 7s, {6d, 5f} 

— jLjj"< , ii 1,1 .j»jjjljjaJJ 4 j i ii i TL (__-»- .Ijl_ _j_a Juul (_JI i _ i _ ,'>"> (jl JUj__ 
_h-»-u ,___ (_, ( iiiill I <j i j"i jJ _)-__- _-~ i__-_j_ __j C_l__j 4_L_JI ___ 4jjL_1LI 
/ __«_JI JJUlU 4_l_.Ij__1 4_ju».jJ.I 4JIjJI _j? L__ JaawM- jl _, i ,. n .-jljjJI 

<____JI _j_JI -lj L__ _;j Uiill tfL»u VI __fl jrjLJI __!l Sjuljl- 3jj___j j_____ 
ajLJl L__ui __aj . n jua j_uj <r> ,u...j-ti j u~.ti , _,? _j| ■■■ j". jJI 

4-J_>-jl1 4j|jJI La-J-a J -« ■W j __UIj . __-_jJ.I -J-J-JI _-« LtjJ (j____ (__l 
.SljjJI _,_« i_jj__1L _;? i J__VI 4___j _,_» i_jj__1L ĕjulj___~ -jj-uau 4jjJ__JI 
_,? Ju_ .lj-u_! .n ^jL-u^jljJI _Jj___JI 4jn<l_-_-ll JJulJI jlj L_J_ 

jl_ji ,i _j-».ii j_ j-i t'.n __a JjjLui -.^jji i j__ _ L j-jjj (j? _, « 1 1 j j__i jj 

__VL>JI 4_>JL_. .__> L^___L_ L jJL— j ,4___-__a i_uj__i 4_jjJ_ (j_. 3jL_ 

_jVL»JI j-a .Ja? r __-L lL LL__Jj .cjLj > __JVI 3 ju j_c _jIj_1J 4_ i ___j_l 

.Sjliil __j_V1 


_Sjl9_JI __H SjiJI O» 


J_i_a ' ■ Jj * ~ 1 1 4__jjJ_J I "■ i U iCjljjJI £A J-il t"i II (jj I t*i iii a _jVI _>5eJ 

L~U" 3-j____a _,3_u oLjj_-_jyi Sjujuc. 3j_ __VL_- 3JL__. ^t i 3____aLUI 
_,t _,L__Vl __JI . l__JLi__,J («2 (__JI j-a-ljJI tni i.i -».11 __VL- *_»-__ _-j^=jj 
E„ / -_L_l_kJI _,tj .m s j m, j / j n 4__ujVl -__JI _Ijl__L, -j__-_ Sj__u_-Vl 

^j.ii-y -JL» JLi_-)?l jj__ jt (jJjLj <-JJ «.■■■■ i__5> ./ j n <_lc _____ 3jl____- 

(_;_• (ji«j V -Jt _>__- («u-j-IL 1( j_LI ________ 1 j! 0 ,j_^_ o' (_>£-•_ ■' j - -j 

__l j___il (jlUj <ul__ Vl 3 i i<ll jIjl__V| J< I o ,.,1 **_ _,t uhl^! 

i ij ini (j_u_) L44J (jj-SLj l j-_JJ ./ J /1 (j-tja<11 (jJ_Ju_JI (___fl ji->l jl (juJJjS-JI 
_u_J_*JI JLv1 ___ __*ni*Va ___JL~ __- LjjSL; (jt Joj__u .J_-.|jJI (<ijiii-»JI 3__L_> 

. l rt_jl< __a j! m 5 j m/ _rLj,<ll 
. ' 1 •■ VTi 2 (2 / + 1) L__jl__ (__JI j__-1jJI ^j,„->,ll ___ , L>. 4__a Lat 

(_,n imj L-a 3_ij_La / j n a<11 (jjjjujl _,___! ^ . ..I *"*i I _i<1j i"l s j tTl/ __-S 

J t in m V _,! (jSUj ns 5j_____j| _,L_ I j_gjj . shell (-ijL-.) "j____a 
nd 3 j_____JI j .__!_ jj-jSJI 3 * - ., , .1. _-■ np 3j h, "11 j ._j_j jj *■< 11 

. I j___J ._jLjjj___l} 3j_i_C 

<dL_-___J ______ __-L->jVl _g j ,„1 .1 (jt ____>lj .j- j jlj .1 1 3j_vj !___i__l 

tr Jl*-J ^^l^ < __J-_.T __J1 -u_J U_A-iL_-.i < 1 s (4^Li__JI) 5JL=-JI (___a u^jtj-^SLJL. 

(_ r _jjj__Ji jt) £jjj__JU -f IU» in a elUb JL____-)?1 3 jU r ____ _j*Lj • J----t 

JL-Sjj .(ls) 2 : I j___> i,,"i<jj .electronic configuration «^jj____J)fl 

(-jjlj.lt (3j_L_J1) 3_l__sjV| 3JL__J1 .3_____a jt iS^ijla ls 3j____JI (jt _VjJl_- 

3_ĕL__JI _gt 1 3_ j _ljj_*j_ii ionization energy _>_l_JI 3_.U_.j '.^L-L-Lj 3 » j* a 
3____jt 3JL_ (_a ^ a.-.l l (jjLH-^tyi ^>ij _j^jj*-LtVI _-»t -L-ju)? 3_aj>U1 
3j_ L)t __a i .m ii.1l j_i_ 1ju_ .3j jj< 3_La< __j_j J = 24. 6 eV __jfc <3_ijjjt 


VL „ I I .-. I. .1 1 


0±^\ c_-~--- 4«,n^ <_- .... .m __*>. .Lpljai< iULi ^Jjlj.H 

ijjj - jjl. i jH —jI j^j ^ jjljgt l Sjj Jojj <_a j__L_aJ Ljjj^». jJj 4__jjj 

._*_- jL_ 

i-il <j*nnV j____i V ls Sj____1j <__Ljj_&JI 4_}l_ "UjLjOII j»j)j~ijlll SjjJ 

Sjjj <___jVi ^jnnoii (_ijj__jyi jjjjjji _l_» i j_$J . i^«jo-w __Ljj__jyi _-j__ 

.2s 3j ■1i_.ll (jjjJ^JJj ls Ij r„nl\ <__ (jLjj_£JJ :(ls) 2 (2s) j_> j-jjljall 
4_-j>UI 3__L__11 ,jLj» .(jJL^l - ui_-__])M >-- JUaJ <j_-T I M 
4. .r.1 VII 3 _ j .,-.11 <j__ -__s 3 o j'i <___j .30.6 eV (jjd ... 2s (jjj___jyi 
t > a .n = 2jZ = 3__i_~ .13.6 (Z 2 / n 2 ) eV ^jj^l a .jj A oljjJL 

}L_-___ JaLtj L-JJ-- 1 ' 0 >JI _)! _-»lj '■ '°il (j-_-l I jl 'i^J-^-Vl 3_i__-L-1 

.Z* = 1 VL__ Ljj Ijjlc. ^jj _ij__, 2s Oij-^yi u.L* .ls <_- (j^jjJS_)/Lj 
<__ <__> 4 j jjj -r '11 (jjLill 3__U_ <j_J ______ 3.4 eV(jj__JI 3__U_ <jj<* ...j 

«I jj (jjjJI 4JL___JI 4_____JI j-L-ljL (j__ jJ L___ I j_» . I = 5.4 eV 3 n,n^]\ 

(ls) 2 4__iai 5j____j| -j|___ _j_=^jJLI valence elecrtron j__l__ll ojLH^k 

. L-Uj ^______^f I <j_J 4J_Jj .< itt-kII <j_s 1j_u£ IjJ_> <___j lju_ .Z = 1.3 JJ- 

.lj__.(ls) 2 (2s) 2 (yJ>-l) J/A-.H Lr -c J Ljj--Jl Juujt (.jJjj-JI *jjJ 

- i»j_JjjjJI <j! VI .j.j_LLjjJI 3JL__ <__ l___ .L-L_i (jl» » —-_L_J £-jj- .3_u_ Sj_- 

_____! 2p (Jj' ...1,1 JLx1jJ (jl __J_v J__3 .LjIj <ij< >LaL- (j_jj - ^jjlj^tl <__>Ls_) 
l__JL_c "j_J,| fl j__ ^j-i-^l CjljjJI j; '■ ..i'j .2S _$j '. n.1,1 <j_a 4___U_ <_3 !>L_il_ 

2s <j_ (jjj__J)/l ^_jJ 3_«j_>LII 5j_i___JI 3__LL_JI 3j <6 jJjjj (jL ^jjJjjjJL __j*j_ 
3_;jjj___JVI I .'I j j *\>~ -^j-j -jLcL 3__.Lt- JjLHI <__ ...... (j!j .2p <_!J 

(jjjj_JLi L!_u I jl .cjljjJI (_L_ ej___JI ^Liiy J__L__!l L___>j__ (jU_j (j_. jj-_*j 


_ jljSJI _Jj S j_JI __ 


.(8) __*______ .(7) ^j^-j-I £ .(6) _jjj_jl <-J_ .(Z = 5) 

_J1 jyju-- OJ^J! J-< ----- L-.Li .(10) _jj_I _J1 J-»- ( 9 ) -*_^ 

;(ls) 2 (2s) 2 (sp) ^_>__yi __S___JI jjji-JJ ____ -^-j-~ 2p 3j____jl 
<jjjj_JI _^_- JljiU ___j _J_ >^ i (ls) 2 (2s) 2 (2p) 2 ^j-l ___^L_ 
. (ls) 2 (2s) 2 (2p) 6 ____!_. (ls) 2 (2s) 2 (2p) 5 

t (4'A~na) 4_li_. (4___t) 4jlj ,\t<) j-j... -v. (j_ (LuLl_j_) J___ jLc. _>l_1 

5jl <_- <__> 3<jl It _L____jyi ^ ^t £_lj— 4_L_JI (j_ 3 j - : < 4j«< ,-jJjj 
2p 3j mi ~ll -__jjJ _j— J _»"-l_ _J_— -^! OJl^j'* 1 __)J>J— -I — ' J^J "J<H 'J^i/JI 
_;l . LxjI_i » j< i Uj i*i i 4jL_ -j _)— j uJLH^-jy l— Ijj 4l« -tj Ijjkj 1 1 "■! V « 

jj-J— II Juu <_-!_ _jjJI j____JI . 4__s JLSejj _Jjj__. (jjo (jjj__JJ J j i n\ i n_l*< « 
|-j_lIj— $JI ^yLc Jj)_) 4jjjJ __jjj ~< 1^/1 -j_j__Jlj i(Z = 11) (-jjjj__JI j_ 
,^j___!VI J-jjj-l <jt cr 1 ^ 'j— -3S 3j___JI <y_ 4,u<...-| (^iiii l_L_-lj Ujj__! 

^jj__Vl jjjj-JI (Ne) j_,jJI JIcj c_u__ .(Ne) (3s) j_ j . J __>__l s>_ 

SjjJ t _jj > __jyi _jjj_-l UJ-^ JljM-LI (_-_-• _-J-"J -_L___ 0_J--jJ •__-_-- 

U_ .,-jj uijUtl _t _J .4'U- 3j___ 4JL_ flj_j .(Ne) (3s) 2 j__ ,-jj ...•■_U 
l__u_> ju— u 3p _Tj__JLI _V (LjjLj_j_) >L_L_ _>-jJ 1( -jjJj>JI -_. JL>JI 

. 3___JI __Ll_« (_1_ 3s _gj)~i . .i U _>— 

P 3j__ 4J o! _*_- .(Z = 18) ___»___1 (_J_JI J__-Jl _j\j__)I _j__j 
^ Jjj_JI J,„l,„ -,ll . (Ne) (3s) 2 (3p) 6 j_ Jj<m, -.11 j .4 . jl^ 

3j M i nll _jt JL__VI (4jj i_j_- ._j*-jVl j-jjjJ (__— (jjjjJjSDI ,__- j-jj-uljjJI 

(jOL- (jjj __L>JI _>__-) 4 j '* Lv ■>. it-j Mi) Jj > tl j_«) 3d 3j_ ___LI (_ i4s 

(Z = (jjijjj-Jlj .4p 3j___ .(Jjj__I Jjlo __1_ _n__-lj_l _;yj___l 
4_jjjjj .(jj-*-J^"j UJ----'j fj ) jlj « jH :4 J ".' I ' " Jj-- ■ 1 J*) ! J « J < J_— _ 36) 
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^ j„,i„, -,n 5 , ,,..1L l_~l .(Ar) (4s) 2 (3d) 10 (4p) 6 j__ <^jj-__JVI 
__Ljj___tJ 4_aL__L njjJLjj^SDI _-jjj- (jlc 1 uj— (^W-^-U-' 

(«__ .(Lja.j 3 \ j ->. J__Jlj J_Ji»J1 u ^t i __i) 4d 3j_____J1 ^ ,5s Sj_____l 
.(Kr) (5s) 2 (4d) 10 (5p) 6 ___ (jjJjjli J>»J£N\ _jJ__--I • 5p -j______J1 

4jjj_JI | Til -jj l__9jJu i__j__jj .diljjJI ^ _j_jj__jyi £_ ijjj j i " ■ -j I j_L_.J 

. ( * } junJI 1j_* J__ 


-_u____U y.j j*JI u jlt 

(«— (j— «J i4_-_jl t-wl,1 _jL_jjj_ji! 4 j iuilLi jj-j».j_9 j j r (_— IjLi f.» i « 

. JL_-Ij jOj ■■■■». 4jL__ _)___j J« inl _)f _)i LcJ (_lll L__lj__ _ Jl_- Jl_»-JJ - 

___'_>. (___ 4 « n -r "■ aj L__o (jj_~ _t! l< *^*_!' 3jLC (j_a .J_____j __.Ljjj_jJlj 
_j__i__>JI («JLc ___ 4jj_±J 4__>J,I 4_ul_j_JI _jLjjj_oj__ll (j.,<«i .4_j1 o"i< 
jL_J 1j_t_L_- lj_>. (jjjjj jl__ . JLill Jj-^. ____ ,j j-rl . [-_^aj__-_JI 

(j_s 1 « <i j j " , r I iIjljJl__jj ij-j— - (j-a (ji-Sj-J _;_JI j-_»-l _) j j a j__JI 

(LjL-c) Lijj___jjj_L« I j «*v « La j r, i ^ J« ,Vi N ______ 4_LL___a <_jLjjjj 

jl_-I jJI r j,„ -*H _jLj- .„« _,L_ . Ij_j__: Jjjl___JI (jL_ lj| . L 3 < <T > 
.4jjj___j > _U.1 j_jL_JLI __1c L_bjj____ jl_c «j (jp« I_l>- 4jjj_3 (jj____, 

(jjSL; (IjLLj) i rtj^j . __Ljj_sj__I1j __Ljjj_iJl __j _5j_i j_>-jj V (j_M _,_>■ 
jl__I 4 j ,„. 1L L_l 5 _j-__« ^j ,„ -». l_VL_- (j__ _jjL___j Li_ l_J ._5j_a __L__ 
J_ L_jia (jjSL; 4-i__>jVl 4JL>JI _)L_i ' ( _-_j-j-' jL_ o_-_-j <-_LjjjJI jujlc 

(«- _>-J iJ-_-ljJI fij i „ 7-H (-j-^M _? J < "U _>--_ t-_ 3_j_>-j_- __Ljjj_JI 

._jlj___JI ?±4±A ^jjl». _J_ L__ Z ^jjJI jj_JJ S^h-JI j^iiJI _,lj ^-.L-JI j__ L___ L__(*) 
o^UJI „__ -Sj-l^JI n ^ __. Ij.mm^l--- 4_U_JI oL3___ ^ -^Lp- 11 u! _J! -^J 
Ajtti ^h-JI _j_sl_. j^j _J! - LLj_.i - ijjjl i___UI _j_j___J)/I (jjj jJaL-JI Mjjjj j_ 

^j^-La J_j flj_ jj^t ^j- ,o_LjJI _4_j) ._jlj___UI Sjjj-^il _3__JI j^ijjj jjjL ,j__i 

. jilt] ij___yi _jljL__>U |'jl;__ Sj___!l 


j jI^sji 5 jSji o» 


,__-L_ I jl j_L__i! __,|_J 4jjL__« N <-jL.jjjJJ 4_i__. J Vl 2UUJI 4_)LL <jj_-i 

Sjlj} j_i__1 j_>.T ■ _JL_» _,_J (2 : M : ) 4-ijj< , njj-SLa 5 aj fc.-,tl 

(j-a 3,i i LJ_a_c I ■ ^ " * I *■ j I "■ /~ I _>_— «j (j-ij t t lj->- 2 ijl ",~. « 4__tL— > 
ot ^o-j JLLJLI j_L__JI 3jlj_3- a__vjj jJcj .____! __ll ^_-_»jVl _^j____-il 

CjL>.j_ ____ <j_J '.3jjJu- cUjn^l 4_j_-_jVl 3JUJI ^ 4_aj__JLl <jj__ 

j__-_-__. oi »jJLI j^j-u !_->• ^WJl jJj JLLUI j______)l ^ __!_,( 3jlj___ 

4__j___v . N ol « j...>U __i_l oIjj-. ...I, J-tSJI _c jdl <> 4__j_«_>J.I 

lj-aj ilj— >- 4jjL_i__a L__uT __~>J toLj____ll tfj_4 > (j-a JuJuJI _JL_4 <j-aVl 

jjj - ____jVl _;j " .nll 1 d .' L*j - !___-« _;V _)j__ V <-<j -»■ . 3j_i_JI 

___. 4' j~.ll 4 -r j~ii1l <j_-t . , 1 3" «j !_____> jl t j-uii nLuJj-aj-iii (j_jjLj) 

_, <i i ii j jj (} i n a ^y-Cj^Lijjj-aj-jj _5jj_» JL__jl dJI i Q 5 <_Uj j-J-C 4j-4_II 

j jmII <ji_«? Bose-Einstein condensation «__~, ,\,\A - jjj <__jl__i)> 

3jlj-_- 4_>.jj JL_>-jj .__JL_JI j_se_J1 __ic -dJjj <3j_>JI _jLjjjj_JI jL_J 4j 
JLi-i-J JJ>-J --J-C- J-*J tujLcl jj£jJLl j3j_JI _jjJl=_j ii i n~i 3 m « a 4_wj__ 

<_JJj j-j Uj .^j ii.-y.il ^jL-I _>->_>. _?j~. ,„ « <^V <j_j_«1« occupation 
condense -__i-_~j --UjjjJI _y« L^L_-« Ij__u_' _>! VJ .____.jVl _jj~__II 

_■ j .<~<j 1 i4_»-j_>JI 3jlj_»JI 4_vjj ,j_« J_4 3jl^_- _jL>.j_ JlLc - JUaj La_? 

^ ____ _J oJ! -La -rL___=__, V ,j___ . j_»lj ^j ,„ > ■ ! (----jVl _?j_____LI ^ 

4_ajj__u , > o ~, ■ ~ Lj__Jj juk 4_>-j_>J1 3jlj_>JI 4_>jjJ (4jjL»_a) 4 4 j i^i 

number jj_*J1 4_aLi_ __icj o_)j>^' S-Li^ __ic L^.1 ,„>. (j-L-uj 3_jL_t_a 
cjI j_i-i3 J_L_, ___i j flt\i ___l__JI lj__ j_j-l- ("-^ 1 v~-^li> density 

3jlj_>Jt J_-a i4__l~L-«_a 4_j_L_a Lu j J_a jJ _>_>lj_>J >4_«_9j__aj "j j i " i4-Lj-»_ a 
4_j-jjJI (j-« Sj-iIiLj» __Lcl 3jlj->- 4_>.jJ _)-« 4j9jJ__JL1 JJjC jj-sc-u i4_iCj_JI 


^S.IU-.H .-. I, .1 1 


jLc. jj . 4_vj_>JI 4_wjjJI (j_a 3j_iiLujj (J_>l 3jlj__>. <L>-jJ (__JI 4__>.j__>JI 

4 j iij< II L_i I j_-i JJL I (j—J i(__JL_a j -cj (_-_-_ _^j2j__a --jj-aj 3^->JI i__!_jjj_JI 
. 4 ij« a 4_ul1iIj —jLajUia (___3 L^L___1 (j-LaJ _£_-__jjl - jjj jJtJ 

___* - Lj-ajj L_Ijj (__~l _jLjjj_jJI j-a L_jj j_S__»J 4jV 4_>-jjJI (jiiiiij 4 mi i», I a 

(Jj_4 i4j_>La '*'! *jfc»;<i l _ . --i , ^,*, »1 jf __iLjjj_a i__iL«_jjl jj .__iLjjj__JI 

._iJj x-aj . I o jli» 1 a <j I _ a _ iil 4-j-a<JI JL >_U 4_j___j 4_JT i .IU"n .—jlj jJI 

V I « i *,,..>. j ___,}LJ jj__uVl p ■-«■H ■ ^jL ^JJ I i ,*.,..* &IU-....I 

4jji__ j-Lt ^ *» W j_Lc __JI -IJJU I n jfc»r lj i s\ i"i jj-*-J jl i L_lj Ij<j aLu jj^ajj 
»— -Ijj "i . .i a (>a --jJj-» J--jj lS' 4_»___il l_VL__VI j j"i f I J-—9 .4_»yJL_JI ^oSLI I 
._>_,'. 'MUII <__JI ulj—aj. EjJ j Ej jl »__* . L_a (^LjO-^- jl) "jj (_--« 4___)L__JI 

-OjJ CjI j <_ll jjJj)-3 _«--—■ cA—i ■«...-> j-Sjj _9j-_> .EjJ > Ej (j! (j-oj___-l j 

• lj_-«_- 1-jIIi.i'i.iiI (_$j (jj-t_a L« «L-sjI (_9 4_-j_a___a . W = (Ejj — Ej)tl _$j-ib 

I (_;j"_-_a j-a <____. I <__JJ SjjJI 4_Ja j\__S" VL__.il ___•_. absoiption _>_-L____aVI 

Lal .4__jljjJI i j4 <>j_J| ^ IU°ll . n Ljjj_9 Lg__>L_<___al 4 -~j'j II _g j"i i „ a (__JI 

j-a Jii inl __JJ SjjJt j_____ LajLi— (jjjj-a ■>! « m.J _-j*_-9 emission _jLl_uVI 

. I (_g j' i ■ i i a __JI II _g j' < i i i a 

1 . ' i " I '" a _-_>! . . n* aVI Jj-_a .jj— J (j_-_-*- JL - s J-*_0 (_)- u --- > -'l J_-^ 

4 - ~i~i nil L-a _,!_- .-_! « jjMJ 4 j ... ilLj .4U4l i.JI _jLj3j__JI <_>_<_-!- j«-a 

__iL__. ^ (___>- i__ijl_j (_<;_-ll __L_jj , _'l (__-ij>j (__jL_ii_JI Jjl*-U (j! j_k (j_~ Miijl 

J *>- < LaL«j n~i-r "1 1 iill —jI « j i*-?! JLs-J -iS&^ (j"° 5jj_>-j_a 3jjl_3t_a diLjJjJ- 
jjjijjl ^jjJI £ja CjLjjj_ <j— u-3 «_>a (1 i.iLl-J j-l _ 1 11} j_k i_-jl iihll __jLt_ijVI 
ijL__9 ijjj-aJI _jLjjj__JI _iij _jjlj La__) .lj-_ __i_ JJ -JjJS (j- 4 J J^*-_J-° 


-SjI^Il-NSj-JIo» 


jt cr^I u-iUI l^. _-.Ujjj__JI .j-L-l ____ _,V SLu. j_-_1 SjjJI __K 

jUal .jj-JJI 3j___) i_J J____j ,>___> <*•<■»" i .ill __L__ij_M 3j__>U__) . 4jj__u (jj_— 
jL>. I-!) f>__ll ,__> cjljj --«jU;,,, Ul !___< jL_»_jL j-L_JI <____.jjl 

j4J 'J-i^J _--jL__3 — J I i m I t, t t jl La 4__jjJ_u 4_« j U i L I tf_t-_> i*'i-»-*m)j ((_)j__JI 
_j__ij_'l Ji_- _>_ SjuUI (<_U___ __ju .4j_3_? 4_3JU ^L-_-VI -_U_ _w_J__)I 

«4j« jo.Tr",ll)) 4__j_JLj JjJLI l<jj ""l »— Ij ir»J i_Jj->-! 3j__L__ 2__jL_JI 4jI,,->jJLI 
4_-jl "U Ji» d flK _iijl (_j|j±_JI JuJl_JI , 1 " lij .5 ")IU"i a ol_jjjj_J 

• Tq JL_L_j_ r l 3jlj__- 4_».j_. u «i i n" 4_»-j__- 3jlj__- a_-».jj ("i-h" 4_j_Ij_$SJI 
_>_> _jlj______ ____J _>* J_)t __JJ l___»- 4 .r, n V I * JLSJu.l 3jlj__ -J -»_>-_> 

"_____L___JI __}L__ 3 j___J 3 ; ■-•»; jJJadl j__i_____II _jj__ __,L_>.j__1 

.-..._t i _;<t .4_____i__J.I Sjl j_>ji 4_>.j_ __l_. 'j .ji"-ti superconductors 

j-j ___Lll Sjlj_>JI 4_vj_ 4_JLc 4___L_JI <_j>L__jJLI 4_Cj 4 i i ii ;'Lj (_,U j_> 

Jjj— 4_»-jj 4jLs __1c __, _'L>JI _h— aj __3 Tq -uj- (">j -- 1 1 "n, i l___al ,*;ri<J 
Jjlt "j I o j 4 4___>L_»- Sjj ir-p 4____4>j_J j-cJu L-o _jt __lc .JjlU U j__L___JI 
I j <jl... j__ !__-__! 4-ljj g< II 1 g"i jli/->j__- j j r- .5 "M (ill o}L__jJ.Lj 
__J1 -Ju>j- Jl*j jJ_> __lc < _ j .-._Ul;.- JLst-a _3jt-> IjU -_..._UI;.tl _jVL »JLI 

:__ j___JI) JjL-JI J_-_j_.l _3>_-9-j _>J JL_>JLl o\-2 '5___L_JI 4_J__>jII 4JL__ 
-JL__> (jt ^j-i-l <j-<J .(1^-- Ljj_- _,„■ jUl;«U JI_j>JLI ojSLj V _,! ___-_j 
Ijl .4jjLc 4JL». ___ JljO V __j_j ___j__JI J>L>. I " ■ U „ l _ . _U1 ^ VL_e__ 
u (.ijUL-UI JUJ.I _)l_t (JL__j_M Sjlj_- 4_».j_ _ya J_il __JI (j 5 .*! 4li_JI -jjjj 
VL»_- (jpa ((-*jL_-JI JUJ.I j_____a _,Vl juuT l_]j . L*ic Iju*j j jJ_J __-j__ 

J__-jJ,l _;jL->- iUj -».LI j-j_>JI _--s i_JL__> Li__L Jljj ______ 1 j jUL_-_- 

(__I"jUII ___) 4"i~-"inil,l 4_u__$_-!l __ljL_JI jjj—j JL>JLl I j__ -i_j j__J .(3-L-JI 


a. Z .IU-1- II ...,-» I I 


lj__ jJj_ _j tc^jj .4_!1jj _L- ^jLiJI JL>JI 3U,.,Ij, jUll 3_ -U...II 
J__jJtl (__. a__jL_JU f l__-l v^__u L> ■■■ « _U-j 4_L_ __ a --,.,.U jl_x_JI 
_____ _>j— j __i— - •-____ JS-i <___ 3ij «II jl _>_>j ', q| .jpLiJI 

, ■ o ~< »J .3___>JL bj-jl- ajaL>JI a___L_11 J!vL__ j_jj j_l__1 (_,,,. jULi__a 

_,.„ jUP.ai JL>J1 5j__ ,_--_. .JL-JI 3 . j ■ U . .__j__Vl u^j »11 jlj___a 

j_-_ jl __--J «jr^J <4_ilj_J1 (___ l_j->-j-~ _L_ l*-- 1 Lr^J 1 -»-! 

4___j_l j r , i j L_ . 5j- fl', , ,1 o 5jj)___j J_uLx_> J_Lc <__4_ - 4 jj_i ' £_m_ _jl 
_L_jj j_j L_L> J__ _; _J1 j_jj_,Vl ___o_J1 _1 j_- (__l _ LjlSLa j j U ■ * _>_ 

|C_ oLLc.L___ ,aj_a__u_a __1j___j (j_a . t-t — > _jj__J __>.jL>J1 J1 >JI 

. (a__-__lVI ^L»-- jIjl__ __* e ) Q = 2e Ji^. .2ptic / Q _>_>i_J1 
Jlill __a Ct jj-<3--I jLpJI S 3 ~ ;l U~, « --Ljjjj »_a 4J_ I j__ J__u l_L- 

i-.iiijlj -jljj j aj_) j-C 5jL_- __Ljj__JV1j .d_sj_a__a _jLjjj_JL Jj____a 
j •'• « ' L__jj_) ~L__L_JI CjjL__jII __3 JL_3j j_g-a j_uG l_Ll_> (j_J .diLjjjj 

«3__JI _1 __sjjl> .(5jlj_>JI a_>__ a ■;-. n v; a a__L_l cj^L-jjll _JjL_j__ 
a__l a ~U _jL___JI jV) j__L_ 5j__ _jLjj '<1VI j_a -_j __u a j ^j tj<!1 

<_J1 4_^_JI __L_uVI j-a L__j1 jj_u jJLJI (_3 _jLjj___VI ___ .(j__L__ 

J_ .c_ ) j-.j__i _*___ .Ij-A^ _____ V_jL.j_.VLa .4__lL_, jlAJI _<L_. J____ 

__Ll_jjJI -j__ 4_aJjJ _;jJ1 , Uj i n jJI J^L_- (j_j . L_jlj_il --__j_a Jj_>- L$ia 
.5j_iLU a_j_ajJj_JI 5j_JI jjt_*__i Sj-Sj (j-_u (___ I t i _jL.jj-j£JVI j-jJ 
Lbjjju j--jj a^jujujj 4__ jUi« (__ 5j__j j-jjj jjj___JI _;! jV Iju* __jL_tj 

5j1j_kJI a_>.j_ a______ia a___L_ji -j^L-ajii aj_>. ___ .j_-T (jjj__ji _,_ _j_u 

(j_« --jj _;l _kj ijjjLuJI a_L_jJj_JI 5j__JI 3j-_ij a_u_L>_ 5j-_JI *j_k _ij_u 
,-ljjl J_L_ ,___• aj_jlj_Jl _jLjj__JVI jl .Lajj__ .a__,}UJI ,_jLjj__JVI 

.Q = 2e 4"ii-- ,u jjjjJ V} ____ La _njjj_j_J (j_a 4jj_J| 5, t jiiU iLajJiiUj 


_- J l9_Jl 1 _l|6j_JI__. 


,j^8 "_.j_ll (~_«jJ__J 1 l) 2__j__>Jll (__JI jJ__JI - jyjLi Ljjj^lu - _>__oj IjiAj 

a -^' i>« <jj£La L^jl (___ (j-J-S J-— *J-» Cr^ ^ L_jJl_. Jj__>jj oLiJj-i-JJ 
_jl_».j_ JiLc L_L.jjj_JI Jj-»j .-J-ijjjjJL) 4 J it , iii 11 £ljjVl aJJt JjI 

t im'i*i .4j_L*JI _j^L___jJI __3 4JL_kJI (j___j Jt »m~) _)! (-11 <" irttiT- ia "»jlj_>. 

-__li_JI cy> IjjLi L^jljj^, „__! _____ oU_____J*.l _,_ -^h_H*-N 4__jL-JU 

—JJ^ __ji,l L_sl . i_jL»jj_M £j«J (j___J £_a l_^ i^i t i 1 j*l /» n! ./.'I *L_*__i__j 

J d - ^jjj^ *rbj' J-SLi 4_J__pjJ.I __l_jjj___JVI _,L_ »4 __L_J) 




7 


^Cl^j I n Ij i ii— iLjJI fl~i->._Lj (o__II _Ljjl_- j .- i <_— - 
_jljL_ua i(_}_£l__a _jUIj_S :(>_L_>JLj (jj l-~-- ^ ' I 
CjI "i UiiU i(^lj-_-j-.j_- i il> "i iii a ^..3 (Jajl— v) 
L-Ll- : jjk j j j*v T1 Jlj__JI . lj_L_j ijjt-i> j|.__! 
4j_Jw?I S^jL-I-- : » - - -VI J^-*-- 

(j_— 1J l— a— -— j (CJJ Jj T "II I j— b (jl (___ 4 j n if>jJI 

,i j > 5 j o*v Tl 4_aj h;ll (___ - -1 j « *l j_»-l 
.l; n lf j_~ ,___. i5_lUjJI 4_j__L_I (jj. 0 Lj_l_.VI 
3j__1„ I a ;<l ;-l___j_*___ j , ", «", 4jL-»-)/I «juk 

(_JJ l.li"i uil .^Ll-JI Sj-J-k! (j! _ilj . 3j j a j 

4.UJI £jl_~ j-5j L^-tT (_1_ _$JI ji-jj <_;fj-ll I j-_ 
UjL_ l( __j_ L-j__j >( __JI 1_oj_U UUl^l 

Jj|__JI ,>. _J____> *L___iL j»>__j J-~J-_- c , u - y^gii K.-.K, 

; fl H 4 j -^jJLl aJljJI «jl jri)i j ;a •■»! nll • ^ «j- JJ -~ ^ 1 -^ 

^ - ... (___ .21 _____LI "JI__JI ,__!! djj t " a __^ ( 


^jis&ji^jSjUio» 


•(-11 a"i->--l i»jjj_JI j__!l ISLjjjjyj a JLjcIj^ _,! <i "ij . 4 fl 1" V a _j|<:L__jl (jja 4 1 1 nl t n 
. -Jj-ia ij-"^ J-- _*->-»■ La <J Jjw j_Uj (Jjl <_--jj _>_J 

_Jia lu _l_i_JI jo V"inil,l Aj jL$_«JI ur^ ~-LL__.l 5K .«U _>x__ 
L__a _,L___ La . I a -IUr. ,„l , .jlUtl Q^ ^_J| 5 _jU;_ Ji_a 5 .j .Utl ^ ,j_s__ 

ol J-j£jJ 4_ulii 3j_a j_SJI lSLjjK,j a I gjlr (_£j_>_ Q^ ij-±i£ p£ <Laj \ri i a (jLjSL) 
__1_ _jL_L_ *l>>-y «Lr^J--" j 1 ,~- J---I I i! 'L__ii- . i U S 4 4-JI a"i--l 

(j__l . 3j-a J£ __9 --—sLi. 4 T J~" _>' — lSJ—*"' ~J— ° J.k"! — _Jj_ _>J_2-». (jLs . Q^ 
_,! i___ej («J (j^aj .4 tj i UI I _ya LjjK L__ul _ij£j jjl _, i i ij j_a_l 4 ?ijii- - ___ 
L^-JL- (-3 Jj_*j Qj j_j_l 4 j .<_> 4_aj__La Q^ + A^ jLljcI <__lc (jJJ-L_ (jj__ 
_C^_-j_a <__fl «___. Ju>-JJ V 4j! _JLi_> jJljj . Ij___j .. ____) ,-.l_tl 0 -.-_VI __]| 
. (Jjl—b- __JI CjVI <i"i -VI (Jj)->— 4jiij^ (j_. < n mi^j ^__JI 
jj__a pj i ii-w (j_. SjLiC (_-JI 4_ajUio _j T (j_oj-_fll . JLlc-i I j_b J__ljj Lcj 
_il <___ .4_JL>JI 4__l_L_.L 4±__j_a j_l_ j) ixi CjI.Ij n t") ,J jLLjJj .<__! _;_ 
(jf _>i3jjj_9l . jLLa (4j_l__j-a Sjj jl) Ujjjj-jj _v-LJj iLijj_$£ Jjl t" i a ^j i n y\\ 
_pa ^__jJL ■ j I t a La Jjj-e- a Jj)_ > (_— : . (__U1 4j_jja (___ 1_ 1 nl j^ i_jj__J.I 4 j<_yj| 
JL-JI (__» Lai.") Ijni jUli; o Laj__ 4J q\ ^\ . Luj_^_C J jL_La (jjjjj_iij| 
_J|___a>U (L_i_j_a-a) 31 j mj _L-_4J Ijj-J .(-J_l <" a SjyJLC. CjljjJ 4 i ,,iilLi 

0. Stern «^j • • i $ « > ^ " - -i 4_jjLl__ (5 j :1} r ") .___tL 
j_j__ _,i,ijU1;; a JL*_a (__a _l__j I ^ j j <5j_a Jj_ W. Gerlach «j-_j__>-))j 

. Z JJ->J.I _v£LJj ij-ji_a <>L>Jil JjL ^ic __ill 4-j_j_a (j-Lii ^,- _)-jl ->" a 

(_jL_ __1c Sj2 J jjj u-jl~-"il,l ^c u iiijUL-II JL>JLl jV _il ju j»LiII _>_-«jj 

_Jj_e_)l 4_L_b 4~-"ia L_o__a (_____| _,j_j f»j-C (jj^Ljj '■_, i .ijUL—lII _____JI 
(j_>- . 4-jj jjLij-jjJ I _jL>.jJLI (4_ajj) 4j«_a_ i_3j_a_3 . ^j m y \ 1 (_— iJI LSjljJI 


.___ct __Jj -_UI &\ (5*-__> u?-*-JI J!) c-- 1 0-+-»-l 

j^jj . J__J __JI __UI _,-> lil (jL__±JI c-JJ) >>-^l »L*3VI <-_ ui __*_; _*_- 
. Ij__ ,^UJI 4«_»Jl __L___a __-__, I _l_ . jL_JI ___- j _r-_jJI __L_ __LL__U1 

(__1JI _L_ __---JI 4-^>JI mi< a _L>_- -[« 'Cr--t <_r>I --^ (>» 

i_Jj_3_jj _)-! j " a __)J (_ii__i _r" •'• " (j—)l mXU Jj -»"■ I i X < j . J___,t __!J _j-J 
l_aL_ j\j-«-»j i rr I" -» a £___j_a _— Ilj i__lc VI (___J M + (*\r- a 2_i_-j-« __JI -j__ij_a 
_/_>1 |m<«j .j__Lj 1 _«_) JjL__JI j-__j_a _-)l M° j-_^-Jj . J___,t __JJ .___- M" 
M° J_L_JI J---J~> __3 (_,_L_J,I _t _>_>j-_-l .<__JL~I jjtitl (__-_. <___jJ,l ( rt.ir.jJ 
aj_^J J— aj-J .(__--.? _-JI _)j_pj_L_JI (__J _)?J .jL$_»JI _)Jjjj_uJI Js-JU (jl Jj_a 

.__ict _ji __iii T ,„»1 j____ ^ .(T. M°) j-ajjL 4_j_ijl__jVi 2JUJI 

j _i t " ") _)l (jjp __iL__J,l JjL_» «Jjj-a eL_J __lc . J__)Lej _)Jjjj_l_JI _jl (_>_5j__j 
M + j.-.jil <__ j_j,jMI : (T. M + ) <_-> ___L_JI Juu 4JLJI _,3__ ,__UI -JL- 
Jj__ La JL__ _>_ JL___J_ , 1 j-J-aj- (j-_4J lj-__J ._-_-t __JI <jjj_j_uJI (__Jj 

: <__Ij La_ _>_L__I j_u JLJI __)J _>_L_JI 
(T. M°)-»(T. M + ) (7.1) 

: jA i J_-_-t <__J1 ( n-lll -JL- ___ _j_L_JI JL__I (jj^iJ 

( i. M° ) -» ( i. M" ) (7.2) 
;__u-jJI Ijla <__ 4_JL_JLI <> M M,n ljj__ >L_- _JL_> _,L Jj__J1 <j_a juV 

_)j^"i i ii 1 o ij i . J-a-i J-*_i _--- <_j_s_j_a _;_JJ (_p,L__JI jL^_v _)l _>-)j "i ii ) (j_— __ 
«I Li_ij ftL_*__ , l . JL-ll Jj j mi (_i_ . I fl.)li"i->.l jj t"u 3_aj-__e_a t-JJJ-C _JL__ 
JlSj .2Luj_>jj_i_JI 4j_»-jJ,I 4j__jJI "___ j-Sj-U J i^"ij .4--, Li_Ju>o (jjjJI . IjL-J 
*____!! o_-J L_ujj>- (IjL-J jl^ 1 ij «ij 4_j ■>• i [ I 4_l>-jJLI 4jl_jJI ,_" i U i" jl -JJL-cj 
4jIjlJI (__3 3j Mi"ia _)j__ (4_ajjJI) 4__jJI _jV (_v«jVl J?) j--ujV| _iL_i__.l j-a 


Lki-JI I j__ ,j_J .(j-ajJI jJjju jl ATil _-JI Jj_~ L-j_V_j ,L» J_>. <__!! 

ijjj-i-i 4_JLj-« _JL_- .4jL__>j I _ , - _>--«_ 4_wj_-i 3 jU <ll 4 J--I-JI (jjs j , i i^> 

J-J.1 ____ '.j_ijJ,l >u_3j_u jj__« -jL_j (jjLtSJI jL__>. j_« L_UU_ Ljt ___ _)__>_ 

J____ d-.<«_a 4_j___' ___*_>. (_-}-> 4J _;L_j jL^»JI Uj_i_-_I LuJLjI _ru _jjjl 

<j_. 5jUj_c. ji _ r ti _,! -dJj .^j ,.,->■ tu^ jJkJL lj__j .M° jM"j M + 

__ < _'L_-J ioljjJI (j-a t^SJfl jJLC _>x 4jj_L- (4_jjLj__) 4^j_L_jj_iL- 4_a j U i a 
e jjfc ^jUi") Jj-*_j jl ^jU', ,,,'t L_-_J . JJuJI -JjLb _Sj_- -"I ___ (<M j-ill) j-__*JI 
,i>J___j _>___U j__,j_J >u__j_« 1 j <i i i n \ I J_>. Sjj__C i_J^_iL_ i_jjAj ___ l_jVL>JI 
qm\ j ~U __L_ -J_>_ 4j}_i (lUjJ__~) _jL~!M_*j L-__Lu J m nl l (j__<u (<U <j_j 
,(j_,U_UiI J_L__II _-— >JJ '_-— I _r'I < -_LTt j!_1_j 4_j£lj__a JJ--J 3_-__« __lj__3 

__ijUI L^ Jjj(^l-___^l -_■__». JS__JJ Lj_ivt j__j.J___1 ___1 ___._, 

(juj ', lill 5 i milL J-iLj '.M + j-ojJL) _---t __JI -_i!l 3 j___J __3 4 t n ', -y « 

__J1 l__UI Ijb ' Jj-3---« j_- j-*j __L_ U_u-_- jL_->JI o-> I jl -_ruj--Vl 

ajL- __ji M° ajjUJi o^u- _jj-_i (j_> -_sj_- ___u_ji jl___.i _,l_> .__l_i 

j__-Vlj i(M" j M° (ju_jl__JI __a -JU». __J1 ____J_,) M + 4i_L__JI L_- 

(j_a bj_____ i_JL_> jj _, i.j I ju* .J- i.ij (__J1 1 iilll 4JL__ __L_ i _ , t ■ ii ij 4 iii 
j_j__ 4 j i ii j\jJt 4 — ■ j"ii II (J-->— .4_^j____jj__'_Uj Jj ,4-JJj < v injj-Ujl l-jIj j «*ill 

_^Lj__,l 3^lj__i (ju -_>Ljjj_'I jjLjj _* ,J-J.I Jj j i ii (__i_ . L_J 4 KnilL 4_l_L__- 
5j_j____JI _jL______IL _*j ,j_<£>JI 3jlj-=- 2L >.jjli (l__l__JI i____J) spin ___illj 

____ 4-cj iUU logo 3j j o U 4_->L_JIj Vj .^__>.jL>JI 4__0L_- (___ 4___UI 

. I j__*j .(j iijULijll 
jjju .(__JI -^.ji-Lj- jLl_l ___ IjULI Li_x>- _w« -Jsjli 4_i__ jj_j_JI (jSUj U <jl 
(j-Lj-lII jL__>. J___JL 4_i_Uj (^jJI (jjjJll jj_ •jrjLi-JI (jjj___lj __11 jj->-jJI 
5 j ,j|, n .^.(7.2) j(7.1)___JjL-_ll (; -a ( j"n ,n-,tl t-JLill -Jji_JI jL__J_y 


V 0 Hl $>?_ ISlo 

oVI_>JI J£ _L_*jj - |JL__U ,Sj ^ (j_a - (j-Lu Ql J ? H 4iaL_JI -I n ,,-UH 

^ .L_T_jj_j_;| _>;>_ll -L-j^l I^.U-j ,ai__j| __|_ (a^SLSI) 4_u.Ij_]I 

(7. 1) ____JjL«.,a.LI -j_jl__JI 3__kjL__« _JJ_a (j_a _j__L__i! j_j>u_Jj_- 4j_L»_a J__ 
Ij_v JjiuJI __— -I l_iL__>JI lj_> Jlo _)f . j-aVl 4~j~- __3 '_-$jJliJI (j_« -(7.2)j 
__)L_JI jl_£*i! 4 1 1 nilL 1 4_uj i ii t a 4_*.jju '(jjjjjjja_JI Jj-jj . 4 rtj~-»i" Jj_e__j 

"jL^ilj _,<J m ^L-JI J jlt '1 1 (j_ £-jj-« _r— ■ <4-J---______JJ 4_J_a_a_-_U (jjJI 

,c_oj_>_jij 4___>ui ____ _u__vi __ji 4_)L__vl, .^--ii 

__)jj __L_I __II __JI _)L. _l_jf Jj__JI _, i , ij ,__UI _-Ll_ JUuj _ L___l 

.j___>jil ___ 4JI_ L_jT 4_J__3 '. LaLi I j j j a" _)Jjjj_uJI 4JL_ j-J-J V J__jf 
-J_aj __Jlj £lj—JI _ru __>L_jl Jl_vj5 £_j_>-j (jj j" i'i jL^_v _»f 4___j_S_>JIj 
____i __JI __JI _jl_ 4_j_>-jil 4__"jJI _,? LUi_ j__ .__JI JUJL___ _w-L_L_ 
<_-*! cr-~" J--_l _J! -- Jl ->'i (^Jl^ 1 ) 4___jJI (jb '_>>a_tJI Lr 1 ! _r-*— 3 
__L_ .M__« '(jwll __JI __j__jl J_ 4l>-jil 4__3jJI _f _____! lilis .jl mjll 

^ Ljj__ _,Ujj_I _L_j_| J^__JI _J! --il c_jl_- j__ _yS_i 

_______ _;jj| jL_J,l d___ui__ __5j_*_ i___t£ : jA Jlj_JI (j_I .(_JI l_L_l_L_a jL_l 

j_4__j (j_L__il (jjs _gf (j__ J___u i__f ' I i i ii - SLa 4jj_>o __3 4_l_wjJLl 4jl_jJI 
I ju_ (j_ i ij -rj _jjJI i ______ Si _ i j -» " i nj I o fljf i__j__ _J_a_> (j_J i4j1 -- "i mVI 

' I i i II ■>> 5j_u_jil ciilj _ J -Kl L__J_> (jSJ . (j_/L_ll (—1— J— iljil J_1_JJ3 j_> J|J_JI 

'.M + J_uc. j___Jil (jj—J I a,>ir *L_3jj 4____-aj uLll » i'iL liilj i__- jjjj iMi^Coj 
... S ĕLi__ajJI i rtm*i<j _;jJI (j_« (j_J .M JlLc (jj_ J ______ tlj 1 4 i^< ajj 

^Jc cjU-LujL Lj_jj lL> _L>JI UjU-l ',_-JI l_Lj-Ly> o! • l-SL_»_? 

4 i ii m i* aj 4 i^y a a -i_L__ JL->-jj LaJL-C (jSJ .liiJj (jl_3 1 1 juk _)L_) l_J :_jj_u_JI 

j_Li_JI .j__ (j_ L^f _j___ _,f Ls_l ju ^ : u- ...*■ V ,c_JI KjM< j a oL- ■_,■■': 

. J__ 4_u__-JI lm-*,"i 


i5jl9*JI _-M Sj-JI o» 


(jj_>-ij)j_, I _)5_~J Lj___ <**.'-'•»•_' L__c LJL_- I jl 3jl_! j__il i ■ <-_ i__l_jII I j__ 

: Ja«1 (^l c__U lj «__c? __dJI 4_£lj__« *F -JU ,__ J___LJI 

H^aT + bl (7.3) 
. !____._, ,|a| 2 = a * a .|a| 2 + |b| 2 = 1 4jjL«j <_}L>1_ bja _jj__ 
_n_JL_>JI (7.2) j (7.1) __-J.I . «H ^in -Vj _>_! i stl jU_>. _,L_ l_J 

__jl__J| ^ 3jjij___JLi -tjjj 4_L_» iji-u/t __JJ i___tlj _---? __JJ ___U _fl " i<-itl_>JI 

__)__, i «j . .. jl_g_>J| ijja A £*:.•. 1 1 iJLJI (jl j_^jj____ 3JjL_I j_j__J.I w L 1 1 
:4jl_JI _»,L-JI JLSil 4.j,<-.1 _>_yVl <-* A 11 <> 5L ___1I _____ 
¥ -> a ( T. M + ) + b ( i. M" ) (7.4) 
__ti ___ui _,? ju.y-1 ^ u_r l> __j__ji ,__* __>_i_ji _jl»ji „.„■, 
__JI ___UI _,_£_> JL-oJj ;|a| 2 ___ M + 5 j____J1 <__JJ j_ijll -Jj-____ (jtj ____! 

(jJJ-_-JI (jl ____lj>JI ,j_- .|b| 2 jj- M" 5j___.ll ,_fl j---jll _Jj__-_u o'j _L---i 

l_-J->- <fl"«l lr-| - (__Oj_>_ jl «j -.t 4 J l.iitL, (jj_J_>-J_- j-J-C (X. M + ) jl (T. M ) 

____ (j| j _b_ (jjjJJI (jj.t_rl1 4 jiuilLi Lal .(7.2) j (7.1) __-J_l t »U _.;-i Vjl 

L j\ .4 7-j'ill ■■ „■-_ _;jJI __» L^j? ,___c L_t_u L jl>.j)j >L_ <(7.4) -J_L1I 
i_JL_> (j_J ._<__>. _l j? _>_______ll (_;__>■! <___ _> S"i ■ nj „■ juSijll o-> L»c LJju 

.j_>j__lj__, 2J_L__ ■__L__>Lij ___> <L»_1I SJIjJJ jL$-I 

■ 4 ij t a 4 iilnia __3 jL_S Jj_>.j_- j__,jll jl >~,4j_Cj _jj_- I_l <JL>JI 4__j_l__j 

<__JI -_J_JI __L_L_JI __L_ _>L_l (j_« jj__j (j_-ljj (jt .'li^ «ij __ij)___ ,M + (jS-Jjj 
OJLPJH-II <-<- l)I _--"■ (l(j-*lj- (j? JJ^j) (j-*l>i _fl>_- ._j_>3j)_i_ll __!__ -6_>_j>_. 
-UjL^jl j_3 --j->jJ.I SJIjJI _____■ Ijl L 4_5jj__ _jL__ ______ ___l _-_-_lJ ._-__! __1J 

4_j_l j n-,,,,1 ^jJI _____jll __j__J -_u_ _,_J .,_l_.t _JI <__JJI 4JL_- __JJ 4___j___>. 
__]| 4jL4_)I __3 Jj__j LjuLc L1_L_ _jL_>LjjjVI 4 Ii.iI.ii i i<-i"i J_k Sj-ijll 


e j_b i~ij k>. J_— J Stl S")-l __JJ «^_Juj ,__>.jl_>. I i*->lj-S J n « j t_)-l 1.1 -- j_L_> 

-jjj ,__4_> i 4 jj > ^.T «_a Eugene Wigner « jJ_*_4__i _n-rj_!» ■> jjt '. -_^l__«)/l 

jjj I Q,> l «j" .. .I <n mj LaS 1 I (j jlr Jjjjl-JI i_h inj j_Jj i 1 fl in *-- i,.« i nj 

4_jL_t !_!!_ jc }____ .5" j'U solipsism U_l 4cj\_J jLc_Vlj ^L_____l 
_;t <_9j__j ji j_*_i_3 jjjj . Wigner's friend ji-- j % _uj-__ -JL__. j j "i r I 
.-___- >ULi j-___u jL_ (jjjJI -_2j_-__ JL___ lJ -___-Vl j»f jjjVl ._>-_-jl (jj*>--JI 

Jx_ 5--jVill __)L_ IjLa jy-Jj <(<__)» .«jjj-l ,j___JI (j__ajt JL-J» :JjJ_i__I Jj-Sj 
j| ,-J|J__, ,____ 4__jJl__ Jjj jL_ L_jl_j ijIt- j> (___j) <__3 J_-_ JLaJ .«5_JJL-_t jt 

___jl__ -J___J _J|jJ| __jL$jl Jj_ jt ._;jlc <__! _JI -_jL$j| ___ --j-^jII -JljJI 

Je--- 5 >* 'J--t __/-___- j_l_ <__Cj ,___ eL-jjJI -____ajjl J j-r.n'1 ____ 

j*ii§j* -___> 

j j i ii ii"i Jj_- -Jj__« 3j j(j i"i -JL__« ___ Ljj-Cj I iil"i ■> - !jj_— _• j_-—Jjj___ j-__- 
Jjj— « i np^ J->-lj -J-_ (j ii i -»- 1 fl j *> («J d_jjl t/-ij i» 4jj_>_ Jj-a-J . j-_JI l^j-l^j - 
jj_J --J---J 4 « mi a 3jl_a j_> -.Ij* ii-> 4j_-_j j_-_j_>. jl_Lc 4___J! «_a jLSj itLL-i) 

3j j '-.11--* I jj . 1_«L«j 4_UL) _h i iii) ■- S__-lj -__L_ JjL__ 3__-l j 3j j JL_-j JL»_>.I 

jjj— >_ | _|'if j n i ii i __ljjL__JI j_a 4| i ul iii I jl^-sl J-r mj _iij_i_ j -r j-v jl J_C jl_9 
jt ___>-J_U *-3j-J liLs • ljj__ 4___jJI J_2J 4j_jl_ -J^L-uJjJ-j^JI _>__-_>. j_a 4_l_^ 
_)_ijJ S»l ln«ll j_j (_ic j-J__jJ 4_cL_JI ______) I a.) ir j«_JI L-jj-SL j « jjlriio i _Jjj 

3 j--j-a -Jlj - 4jLj"i ~--aj cJi^SJI - I g K 4-ajlSil,l (__!J _;j--J j? VJ jl j -v 4_al_at 
1i_ijj-_j i _ ti-rc Ij-. .4j--J 4"m a : jOjjl in"a i_ _iljj __-L>- LgjLi 4____JI i ii i 

S_J__J i_ajj « a jjk J_fc j_J i__lj_dJ 4 i inilLi 1 1 V __ — w. i_3jj_(_a i___>lj_JI >j^j-_i_j_a jl 
3__|__JI -L___jl JUL) i__gSJI (___ l_a (____ JL jt __>.jL>. __>. jLo jj_j IjJ 1 1 « iU 

j_CJ ,3Li_>JI ' _'« _____ Lajj 4" j« l_aj -J__JI : j-0_«_i_-JI -JJ^>-\ J-*J i__j_l_ 4jL_ 


^jijSJi _J! 5j_ji o» 

t__tlj_JI "JL- _J _;? .i__>lj_JI 4JL- jJaLj 4-3jj__a 4_uLjj_i_ 4___*>La J— --JJ V 

. L_j__jj i -»-■ ix_3lj 4_l*_ _;_ eigenstate 4_uli jt _j_j4a ilL- ___J 

.4___LJI 4jIjjJI -ju- <_3 ujj_aj <>Lj_- _rtj jL__~J <jt <-l_- J+a-a ___*>UI _,t __i 

Jaj . L_j.jLx Lt__-.*>La i-c mjl Lj-t ^___ SL^__L__-1 j_- L-j Si___l _»c liU _,_J 

S*L__JI __-*>UI £_jj LaJ-ic ___> Uj_<__a jj--j 
LaJL__ !j_»__jj___ 4__) £__j- __9 L-jj L_a J_-lj J_i ij_aVl 4 iijn-i- __3 LilS > 

_L__j .'I «jL— j 4_JL__-I _L_ .jjj-U 4_j-_ (»L_wj ___ SjLiyi jl__ £jL_JI j_i_i 

(j-ajJI t l___L)! Jl_j j_- _1 ,3___u ^^-jLi. J___*>U 4 i i n ilbj . I glt»l ) _£-*? 
.4_l>.j 4_u_a :<_*_! jj _JL- (_a Cut !4___l ("-_>.) JjjLa <__ __iL_ iJJ_-U <j-ai.-i--.U 

(j_ <rjj _;t __3 (3___JI _a j ni* i mj _,_>.j_- __-*>U 5 jinil L i Lu_w>. (jj«j .,«ct Sjj__ij 

C>- UJ-*>»->- ("J-*-l Lt-I _-->' ! J-------_" ' t-».. . j*i aj (__. !<_>.J Oj-a) j JJ fl'1 l 

l_4_ . JLa_-_l 4j— i IjJuia -jjiria OJ-*- 1 _lj '^O a ^ _jL_IjJ <j_ 3jL_ _J*_ , L- 
L_l j-kcjjjjjl f(__JI <j_J .4uaj_JI «LpJI _3-3jJt_a 4jV L__4Jlj- <j_uJ 4-li J_v (_9 

.4__-!>UI <__ (jt _Jj oL_l j_JI jj!_ (^jli. ___*>U luJL 

>i_* jL__.i 

jjJJI ^jL_»t l _jj__>^L_i__^ij.(7.1a) <J___ <_. 4____jJ,l 4jj_t_JI 4-ii. Jab 

*j->- _M_—ij . A J_c (^L— __1 _j_-_a) 4_____a i iiim 3lj-4J ,»J_— _JJ S jJU _-U _►_ 
J-ic _t___jj JjjLl 4jjL__a 4jJ__ j— -T *j--*- J-^iJ 1 B 4jjL_ .Tj-a J_c <>L__JI (jA 
JLi_ (jn^iiU ^L__JI ._H-_a jj»> La^ Djj . Dj (jjjj_JI L_L__a J—ojJ .C 4jjl_ STjji 
_9___ll _JI 4j_u C _wo u_--J i^J_l ^L-Ulj . Djj uaLiSJll tfL>_l (^ ja'i i.ij B 
_9j__ _rt_| mi<U (jp3 .4j_9l_ 4_>jJl> 4_i;L___ (_jj__JI jJl__>I 2j__ <__L_ lil . Dj 
(4____J_) 3j_. J_ J_4J i ~.j ->- . L&j_jJ4J _t-_u (_jl J_l) _jL____a j| Ju — L T* ' "-' 

. Dj \g\y i iij _>j— -^'_S '--^ij U^T" 1 .' ujL1-«-"iiiVI _h— »j .(jjjj_ Jj__j 


Y 0 Tll ^jsu liU 


| 3j_.Ll_t| luL> -^ia^j 4_lj_«o ~i j 'i t : (7. la) ij__ 


0 


i.l_» jLii-t J_i_j i-uJjJ :(7- lt>) _5_i 


3 tL. .J^l _J1 Jj-_ -a*-. ;50 : 50 ^ Odjj^ 1 a_JL__J 
;A — > B — > D n jl__U « * M . ojjj-JI o'l <2_j--I _i__._»JI lc^l 

3jj_-> tf ju*J . A — > C — > Dj jL_JLI i 'II . nj Sjj_-_I ĕ_,j-<_._»_ 4i milLj 


_S J li»_JI L -il6j.-JI,__. 


_,L> (_^__Ijl_JI) __Ui_-}UI :u_j__. l; 8 ; ,;, .i^ U L.U- i j 01 ,„ 

j-jjj LjI i < 1 1 . ii_> ,jl 4 i< <_ (jjJj — fl J£ (j^J ■ — -Lj_j___> _v» -— — *J — — — ' 

.(j__JL>_l ^jJjLJll 

.(7Ja) JS^J5U. J _ - _i.(7.1b) JSLAJI^lo^l _J--I o-J 

| jl^J L_j_3j . _M-_o j__ U£> i 4__-_i _' I (3_>— ' cr^ ' ' 1 * 1 n 3 D 4 i n ■<-> iU i <i i<-n 3T __o 
I . IjLj-Ls- Dj j-_j .____> _jrt__l .*.< U J_-l ( _ ij y'i , ,,j (^_jjj_e_JI) n j"ij-JI 

4J_U_ - j « L___L _|! ■■■ J__! .)) ,3>__.yi __l_ 4__L_ _;l Djj J_- ... V 

STjJLI _j_ -wj __a -Ij-j I — « __j .£j_jJLI ,3___JI 4jj ■>" JjLu j___ __JjJ L_~U_ 
_JL__ .<__)! t_jil__ J l (^jll c__.L-l j_- D J___ _____! (__l 4______JLI _____ 

sTjJll -_L_ l_b • (7. la) J-LiJI s-ujj (jjjUJll <j_- J_J JL____I 4____ 

(jl_jj_j ___JU '--VI (jL_ L^L-ju j»j__ A ______ 3jj__>_J.I 4______JI <____ 

D juc 4_______ai 4_j__ sTjJLI _,L_ (7.lb) J___JI (--jjj- L-i .50 : 50 

i>L_-lj- ___Ll__I J_J_Gj __'«.. iU 4j i.i, ill jl__oVl (___ 4__ljl _jj___ 

. Dj j___ *Lj ^L-Ijjj Djj __l mi<1,I ju_ (Ljjj U j_*j (-1—) LIj__ 
-_.}__ 4J L_> U__Lj i_jj_«_)l 4__j__*_o ^.i) -JajiLI jj£ __-— >-1 jjU'11 
sTj_LI J___ _1 . delayed choice (_j_>.JJLI) ______JLI jl j ' -V I 3j_-_L__j 4 « . « 

(jj 4_l .j_i_V ___j (j_a jljnJI (_jL____J_) Jlc __JI j__LluIj Dj (4________l 4j__) 

.3__j_ ___- __L_.j 3U__ .(jVlj .Djj j_- JUJI c_jl_. L___ .l_ul (JjU3Uj) "j__j 

<___>j (jjn 3jjL_l_ Djj (_jL___L_>) l_Ijl_ jj_ Jl _J_ i__j__u .D STjJJ JLJul 

_____ .(__l ISLj-L£Ll<i 4-i.»-->- __a 3Lli_- 3t_>.L_- _JL_ ^jSJ .Dj _jIj__ _-_) j__V 
<Sj--j .sTjJLI jL__>! __j jj___JI __Lt .Dj (j-jJj .Djj __L__ai «..--■■_ _>1 -jj_*. 

ji I m Ll _rtJ 4_al i ii Ll ^ lii< a j_l__J Jl_9 J___>jj (jl i ' I i"ijj (_5_-l _ijjj__JI _)J-_J 
«JJl_ __9 ■_-ij--j Ujj . (7. 1 b) J__JI i_lujJ __a 4_ll > 3. "i <.i j_ (j_-J ._9l in<llj 
^LjLi (4 iniii _,__ (_>— -) J^JJJ J— '^i-*-.^! 4"iji<->L_j i__jj_JI (jj-. _|l i__Jj__JI 


_)! jJuj ■ . U n 4 Djj (j_a i>j<i a 4_iUr" ml 4 ii j ii -Jl _-_> l_JL-j- _>£_! .(j-jjl mll }L_> 

jjjjjk ___>. _>--i L_-__ -j---^ cr^- _>_j---->1 J-^A; * L _ J - i u-* o^-jj-^' 
La o-l jj--i o*j .4 ,^„.1 «u-i sTjJLI 1 1 .- ____« jjj__-__ John Wheeler 

l_ijL_»_i Jjl-JL i__jj_>.| Jl2J ._j"_'I Jj_t 4__-_ Ju_ _)jS«J _|! Jl-j (jjjj__JI 4l__u -_Jj__u 

-____ sTjJLLa . 3j____JI (j__ jj_«j _-JL_- -__-->j -j-*_a .L_aj_> L- _>S_ ,_jill I j-» _>« 

. 5La__ _r_>- (__-- Juljj j«_j _____ Vl jL-js ___) _-l<-jj («J j_«Vl 4 iijii- ___) 3 ininiill 
j| I n\ f3 *lj__, 1L4I (jn.t-i^l I L$jLS_« __3 UjjJ _S-JJ 3t-i ni JS .(j n^tl l ____ 

I juts jjSLj Ujjj ._, m V nill mJj-^JI > .1.1 -- _)L*-u V JjU» '.llj ,Jj_____l__3 .^c-j 

3j_)U_ ^SJI ISLjKja _J-— J 1— U_ JSi ^4-j ______ a - jMj _j| j_: jjj^ (j_a jlj--J 

___)l _y__jL___L_-JI j — jl 0 1 n iill _)l 4_ajLj Jj_a j_l j_Li jl ___i_j__jj . j_____IL 4 -r Q '. . a 

L_jljlj)_>Jl jL___tjl (j-a L_j|jj__i JJU < I WO j__C (_-__- . Ij-ll _j-l~l Mlijl ft I 1 n'l 1 11J («J 

Podolsky __<mJjjjjj Einstein cr " ,V'ji j-_-i ,jj_j _j» jjlu Lw_ 3j ,,^1 
jj^ia (j_« }U-_ __iljJI jjj-__ _)_? IjJ Uc J(;L-_b L___j (EPR) Rosen _,jjj j 

.4__l_- __3 ,4___j_« jLLLn jl .4±±i_ 4jL_Uj ___*_JI I j__ _)L_J .|__JI K j'iKj a 
_£_->• f\ a"irt>l _>J» :__L La-S _>---JL Uj_£jj _)l 4__a _-JjVl 4U 7.II _)-■". mmj 

jJI .(_-_-j-_-jII jJsIjJI _n-i j jj«"ll jl .",rVI __a j_>-tj jl . .-a-j 4_uLjj_ji) U ; ■ 

.«4\jj_t___ll Uj Ja_u __ill 4^Lj_i_JI jajj-Uil _)_L)j .i^Jaj 4j| ____ Ja"nj 

_,i t__--j ,___Ljj_j__ji __jijji ^ j______. js:» _,i ^ij-isi __jj _j>--tjui -_-->j 

i . \ L". 4jL__4J (j--j--Jl IjU- Ijj_jj_cIj i«4__jLj_j_-JI 4jjJ_-ill ___) j—l__j -J _)J-L) 
jJaljJI jl .". c y ____l-jjjJI jl j »11 tL>. jcj .4 1 a "i< a 4jj \n ill _)J_-J __-J _Jjjj___i 
4_j_*SJ 4 jijrtj 4 a j S i I i n't _)l LjlS-aLj _)!__ I jj» :(__JL_JI _>---JI _-3 ( ___Lj-j--JI 


_s jI^sji __n 5 j_ji o* 


4— aj Uioll l-iIj In ir>l (jjj _)— *J <(3Jl_-jJI _5jL__i 4_JL-j_L_-L _jl) 4_ubj_L_ 
<>_V_k j__1_j (j-bj j <ill __-l_)JI _-- j if j_, Vif ■» -_-_>j 4_j|__ .4 njjJ- 4jL 

.<(4_jLjj_u_!I 3 .-O l 
_• __b (jl -_>_ (__jj_ _ijl_ i(«__!l KjjKja __!J 4_>-jj J_u JSJ I U ~ j "i a (j__i («J jl 
- (jO niijl dljT 4 -»-j~'i <-i_ ii"i UL-j .4_JL_ 4j».jJli jL_c 4jj_i__a 4J__>L_JI <ilj_l 

__JI lji__j_ («jpl ___a ,3_l*_j jl 4jj___, ^jUnn" _Jjl_ (j l_i I) jjjj - ( _ r iL_Jj_._jj 

j_i___l J__! .4 l"ia_l ^j—a jjuu Iju. £JJ->JJ _)£~»_J .(C-JI Kj'iKjt <L__jLt_a j-jl_j 

__JJ1 __L_ 3_>jj jl Li_ J__-.l (j_U «_J j_*_JI 4j__-j j__>jll _jL__L_i 4JL- j l_i I 
. JLttl Jj_-_- _-_l_ .(-/-) l______ ___*-_ __«_.,■.. j-a 4_-j___- j_j___I .Spin 

_o>_-jyi __J cjLj_> ^ S x (e), S y (e), S z (e) (j___J .jj^_ij.j jj>__J! 
^ S x (p), S y (p), S z (p) Jiibj •.L r -j_j__JI __i_ x, y, z jjl__JU JjJ_ __!_. 

(__-___ (jlidJI 4_aj__ii 4j_>I_- 4JL- j.l Jl»-JJ . jjj-jjjjJJ 3j_t_>Lii1 (__i!l L-.L_>J_a 

_J j_s__JI 4_i-«_. _-JL___J _4_|__ jjSLi Spin - Singlet state __JJI 4j_L_-I 4JL- 
L-aIjl-J :__L L»_l3 (j___*__jjil (j__JLsti1 l__-Ijj 4jJ .j____JI IjjL__~ ___UI _;jljJI 
J___l __ll -__) jjj__jy _o---Vlj : J___i __!j -__] jjLHdj^j <>-i crl] <L - 1 olm Sj 7 

:5jjjj_JI ____ o-uk l__CI j_JI 4JL- __]J j_ajj i__j__j .,___-l __)J 4_J UJjJjjjJJ 

( T J, - T i )/ */T~ (7.5) 
t_-l_JI (_*__!! j_j__uj ._,_j___iyi __IJ jl_- J_ (___ Jj.l <<____JI j_j_ij ____- 

-__ 4 j nlll 4JL>JI 0___ __9 ___4_l_j_>JI jIjlcI (_. 4jl (j->j-__1 . (jjj_ljjj_J I __tj 

_i__3 i4 i j i a L-a 4_a_>J V if . 3 Jl_- (J_C (jjjj riia I ii I U i j _)L> I <i _1 —■ <i m 

i U 1 1 >-i £_a) 4____UI (j___i ___J •_)-—« La JJ-~ -a Jjl s (__-_ jj_)-_— JVI i__! 4_L_j_a 

i—_J 4-±Sj_a _>^_j_j < _______ .1 j . ill . 4_jj -- ~i 1 1 __a _J__j__i (»J-_ ((jj/Lj_JI (____.L_i 

i 'Kjj—il u _)L_ (___i __JJ ' <i III l— JL-kj IjJ .jj_>J>I _) uii I Jj-a _—L_. _)__>-J_j J— J I 

.50 : 50 ___. _rG-____.il <LJL__-I .^-SL-JL _>j__lIIj i J___i __JJ <>j_*j _,! l__*j 


?__l^j_»j|_lo 

S _____,! ^l^U!^ «L^l lS' ltJ! J-» Jlj— Jl aSJ 

4j_j_j (jl i ii j"Ti ' 'Hj a jj — — O-- l-L- .(__clj_) 4_e_« _;! _JJ _il i i ii ij : jjfc l_iIjj>JIj 

(____! _JJ) Ji_»t _JJ __dJI j_~j _,! ->La .z ,L»_VI JjL _J_. __UI 

jl mij ~'i Ul_> l_J ___)! Ijuk l_J_*jj .(J__l_! _JI) (___-! __tl __i!l __i! i"jJ_>.j i_! 

I__. j__j _iu_ .ji-T ->L>_l _;! ,___ j! .y «L>_VI ,___ j! .x .L»__l __ill "u_j_- 
L> _L_' i n i <ij _)l (j-Uj V _ijj__JjAJ t_L_LiS _)t __J j (t j i i i ^a^jl ^ ju 1 1 IjT jjj 

4_JJ J___ jl _>_-«J V _1_- 3jL_J _;! jj i- ij .- v ) Jljju jjj_L)jj_J crk-—^ "j 
-uijjj L»jj . (4__.L_t (__!_, JJJ_J • »J i r~i T 1 4_;j_t_j C-L-jjI jJ _," ~- .___jjl (j-ub (___ 

ijjj-yjj-JI __J oLa .(J-_-i _JJ) __l_-l __II OlH^I -- J u-» 1-1 J^LJ- _lL-j 

(__J 4_j_ij_- (jj_- .j <—i ! 4-_>t->J I a iUj .(,__lc! (__JJ) J___i! (__!! "jjj___JL _>J_J 

(jM-sl ,jj_ (____ }L Ljj jV-JI oSUj i^-jLj-j-JI _~>ljJI <__ j___ic (j_J (jjjjjjj-JI 

. I^.«j< ->■ 4j>_JI jjLt_JJ i*__JLi La-j~- i-> Iju- (__-jjj .jM-s^/l _!_. (jjjJujjjlJ 
u^Lc! JjljJI j j iii n 'ill) oj.Hijj^' jf UJL^-^^- 1 5 .' '"ilL «Ij_l_ ._11_ ___- »Lj 

_j__« jjJj ___J1 J_->jj ujjjjjjJI <-_J 4j_j_i (j-L^ '.(j__L>_VI M_J jjJ-JL —JL_> 
<Lt>.L (j-a .__!iLjj_JI >__>ljJI (___ j__>L__ j j S^ j n t") ((jjj__JMJ 4 1 niilL 
ld iptj 4_J_L. j_j_. __iJ _j>l_JI oL-jII _)! Kjj_Li_ jLLI (__a -i_j .___-! 

__JJI _-L_j_4 4_j__~ L^x_ j_-4_ 4j_jlj^ 4jl_- J->-JJ V 4jI (_--*J I JL-tJ -(Jh-ulj j_« 
La «___! J— >-JJ 4_jL_ LlL^J .4_a__lJI _>__j _r_ . U_- (jrt__jl _;! j! t L^ < _ l o - > JliM-JI 
. 4i-_C jjC (jj-J (j! i- i ~- J j«_JI -LijKj« jl jjkj ij l-j ! 4_5e_»J I n _i t-> J__Li_ 

(«u-jJI _J_. .j lj ! 4_.jL_- j!__j ^j^l j-L. I _Uj <___ j_j_- _l jL. .'II.-. „1 JL_J 
.,__JI .LulS^. (> ^j-i-^l le-ljJJI JT _>_ Ij-Jl. ^j-.! jj_j3 V _ -M L*H _>_ 

j l_) 1 4_jjj _)! (__JJ (4_LI iii ii JL_u La lj_L 4_i! f-Cj) 4-3 1 ni n 3j___VI jJ-><JJ 

Ls (<__! _L_j . >L_-_ 4_Ja (j_u_»j tS jJI (__JI (_!L_J !_->. 4jj1__- ^__l__j_i__JI ^SI jil 
j 5ii JjL>_ ^-a Locality __jj,l !.i _i « J>._! 4j? j_> j lj i ____j 4^1-- 


_>jl9_JI _J| SjiJI __ 


u-L- (_i_ jjjG I j _j— j _i _, < j i j V L__ ^— b Lu_L_i (jb Ijuil I ■__> _, i>ia_ij 

4__j_luj l_L__> yJJ "jL__l Jj__>jJ -_L_ <j_aj ,j____j j-J Lo j_»J (jl^a (> (<Oj 
. Ijuil I j—k _>_. jL*_L i-ij.l-rH __j_i t__j--i . i-j ''-H 4_.j-_i __l_. Jjj" V 


,<-_JI l_J,_UI _JjVl j-L.I j-U , jLill _J1 j_-ju "jj__u -Jil Jlj_JI _.__ 

___, ?4_jSL_lujKJI £_ljJI _jLjJ__ L^-l- _____) JuM-t 4_2-J_ _JL__ J__ : j_b 

__.L__t ___ _____JI _;t .hidden variables 2 _ ^ -_n __|j_j___il» -it ■■■ _ 

!__!! I _l i" 1 nlj . 4___i- 4 j<j )1_L» _jIjJ_l4 . 4ji i a 4j_aj_»£ LSLjKjI, (J SL. a L-j_i 
4_j____Ij _jLj_I_j ___-_-> __ij_iia 4_j_aj___ <L ajJĕcLa 4j| _|l_3 tjj_i___tl I ju_ Jii-a 

: John Bell «Jjj <L_.Lj___> ___ L_ ._5____Vl ^i.. U ___. 3 j<j ,„,>__ 

_-j j «I _Tj--- , Laj 0 r ■(_--- V 4_ajU il, 4_j_«j___JI 4 j< j')KjU 4JL>JI 4_9j «_a» 
_)!_> l-l La-C Jt__j (jt uLl__'I j-j-J Jl_j .__L_jLj__I gjLu __l_, 4-jjI 1^1 --I 

4_;_L___-yi L_Jl__jil ___> U_" . L_j j_> _Xp___VI j_____l I ___> jL___I <j__i!l 

|JL)JL_»_ J___)t Cj^LkJ l_L___j__ (___■ ___i_JI Ju_. -J^-UJI _V ,4j <j ,„>L_JI 

Eugene j j% _^_».jjt cjI «K> ijt . « LaL 1 ijj ." I _ j a J_> -^_L__ (j-Lj-- __— u 
4_t_« -U,.,ij, ___L>JI i_k__j _t 4j__»JI __l j-uuII 5j__) _^_j___» : Wigner 

4____Ijj Xj mili j__t L____j _JLi_ _tj ,J_a-- j_u_ -L_jlj__l 4<j'il<jll SJL-JI 

— -jLjJI jj-j-jj ^ $ " a j * " ~ i ■ ■■"■ j -_Lo__ jj_J lJ bj__,j LJI__ (<4_l__>.>i i*'lj j »"■ " 

_jIj_ij_j—_J 4_>-j__il 4_jji_JI (ju 4_)jL«Jl _J_- <_3jj_j ... i_jL___jL— JJ 3 ,1. Al l 
.Ljj_j__JI jru 4__!>L__J 4_jU_ 4_JU>JI ^SJI l_ r Jl_-j_a 4_jjJ_j __jj 4_j-_JJI 
4 j iri 7i\ j < L a (Jjl— - ) (— i Jl-J . (i4_uj< i iijj_>Ljl » Ljj j 11 1 1 j 4j__li_jL_JI 4u_j . ~- U 

John Von «(jLajJ _j_3 j-w---' _»-'—-->'' lt— ^ 5 j A --I j j«"U 
_t -jLjLi (_JLL_j ,4jn -^kJI olj_u_u-_ Lajj_ L-__aLju __->j _g_-Jl Neumann 


S-aLc Jajj-ju (jt_C I j-A (j_CJ . ,<_$JI I_Cj-_Cjjj Jjjj__JL <__!_*_■ 4j_i«JI <_jljjj_il 
J_>jj__J| ujjk <__Ju J-3j .^—i-iJI j j i"r I, I <_jLjJ_j (--C I iij j U") ,_^_.j___l 4j_n n 

._J__ j>_<_>jjs (j-ajJI jjj-cj <"itj i<->! Igi^l .j_a VI i_jjL __3 ijjal^ 4_*.jjl> 4jj_L_a 

(___>JI j_uuil 4J| 1 na __]] Jjj (jjj- jLc (jjj nnll (jj-aJI _jljij"nn Ja-_»ljl __3 
^-Lc I gT j i n jp (j_-aj SJj. jja 4_»_jjjj I n 1 11-- jj_1 |_;!j __tl JjjSJJJ 3 j_L 3j Jlr-) 1) 
EPR «j i_j ! 4_jjL-_a>> <__u_sjj L2jl__u L.I i«i I t-"i 1 nl ,-jJI (j_ii]l 4-aj t-i i « (j-_ij 

jj-ia pj i,,-;,! 3 ■,„;tL <___jil jMti Vj! Ll_j ._L>_ <__tl ^jJi Jj-3 .Paradox 

j 1 11 ii" ijl (j- C aj 4 j 1 iiL-uVl (____>JI j j * " U Kj aLuj _jl_) i<)jl 1 n~ill £-0 ,<____> 4_aJ 

j_wL jl (j_Uj ,jjLj__-I uL>_il _;! Jjl_ (-Lc __ill . V-."i ... a ji 4 "j"-- L- 4_SjjJ_j 

.(<_L)jL> <_ulj < ii <_)lj_>.jj i-JJjj)) J__lS - 1 j! + 1 (jj"i TjTinll jrt" «i j iitl 
___c t 0 "1 «j <_3j__ 4__>L>. 4jl_w 4j! __3 jrt" j"iill (jruL- _ya (_<;! ____ Jj_i__>JI 
<-jlj- j . < t " i l l jJ_3sj (j! <«l_*,IjJI __3 <_p-j "1 ii ) . 4 j ii >JI _-lj j «"1 «ill 4_j_>L>Jl i<ij iill 
(_aj .4 i<aU l_jUL*_VI j-xa->- JjJo <-Lc <_-ill J__L_i 4jjil_il 3-.J-,-, II 5_ A-_tl 

j___>L_c 4.S». * i I _jLtL>w'-'l -_i.n-> (-_ <__UI J_al inn (jjS_ __-_>JI j-jj—il JjW-- u 

jL) (ftl 1 n ) (jl <j <_j I 4_5jL_a 1 1 '<--■" 1 < I ijlf _, i ■ i j 1 1 j__> ^jj-jjj .__jLjj-_JI <u_l jJJ 
lL_3jJI (j—-u __fl L^_9j__a (j_-JJJ _* (j-<S>l J)l) tjH lil"-" a ,j-<-L>ul __3 <__JJI CjL_j_a 

4__jJ__i 4, n.ilL L-t .(j___JI Ig.^y, (__ic oij-i.) ji.,-- <_jI_--L-UI j! ^! - 

j! j <_) I -_a (j;jlj_JL (J^j-j3J Jjj (jLl .1 o Jj- i -a t -i (jj- Ij-lju jLoL (ji oj. ii ^ _v» 
4_j_Sj_a qmJu _)_iLj_) 4 *r j" I (_3 JJJJ (jl (j^-W V A pj i .. __JJI 4_i_j_a (j_Lj_> 
jrj-j-aj _)L_-il j iill ^<uj (j! Jaj 1*1 j iB (<)j 1 11 -«.l iL-j_l_- 4_i_j_a i_;l jl i<__JJI 
jjjjil __]_ ,jnj__jil J_v! (jv« 4_jjj_j_> SjLiJ j_«i >1_J _, <i<") 4-_>-jJLi (j_Ujl "" 1 a 
j_jil "_j__.j_fl (_Lc <-uj-l) <j <-) I 4-3jLai 4 1 niilLi Jj-3 (j_a LJ_ U--J .j-i-^l 
5_j___a 4JL>. (__> _rjiJ _>X) 4_ajJ_il. 4 . ...ilL .4_JL_JI 4 -r j"i ill ,jj- lOCality 

____ 4_U iU" uia A ^j.M-w __Lc ( J _,Lj-_JI ^lj^l jj_j .Singlet State (4j_L-i) 


^jl jSJI 5 jiJI o*> 


* ... -L>J-! _Uj JjL __Lc lJJJI a o Lul j ,-,*,'■,_, ^LJ- L* ,L»_I JjJc 

.oL>Ji)/l (_a -J A ^jim-^II 

lJJJI Lai , „„ jl r,r L ^ Bell Jjj L___jJ_ (___JI -jl_»JI «j_L_!l __j_> 
JjJ_ (_!_. ._JJj (j_. }L__a .(jjS- L«jjj nj___a L« i»L>ol JjJ- ^^-lc Jaia (jjSLi V 
-d bi a I 3 j - ■ - ol__>L>_l 4_>l_ LLl__j .£_UJ! (_a .oL_L>JI 2Ltj^*-a 

(__!_. j\_jJ l_Cj .(SjuaLtLa oL_L>J_l _j-_ (jj_j (j? ^jjj V) LJL- _>_>j_J! cS-iJjJ 

oL_U_j S-jjL-sj _JL_. .<ii>LUI oL*L>J>U 3 , ,„;1L . B ,,. -J __JJI ajL_ 

j-«jJ .J___l (-Jjjl _J— Lr^! ^ p.! , m^JI — — J J_J_j_a jJoLj .4 jii ^,11 olj j V"i «II 
-j^J j-ajj l_Jj_- .oUL>J_l «J-_ J_J - jl + (j_jj__yL ,-Jlj-!! <__- LjJI 

. - 3 ] + (jj-.aj^ll j__L (j| lJsj^. JSLJ (jSLaj .(a, b, c) >»jJL> oUL>J_1 

_JI L_J lJJJI ,U^,„ « (jjSJ (^l 4jL_«_J >LU~ (+,-, + ) >>jJ1 (jjSLj Ij-^j 

. I j_Uj ;b -L_>J-I Jj__> ___c ______! Jlj.Cja _*__L_>J_I JjJ_ ____ ____! 

oLJI «"--I ^Ja jjjjj _Jj 4 j<i -^JI olj j «", a JJ J_L4>J,I (jJI o" ■- VI j^Jjj-JI («_>-j-Li 

s_h_--Vi oUU__>.Vl (^l >jjj . (a, b, c) _j_j a__J__ui ^U-Jl oLJ__«y l 
. JLiUI J-^_ ^ .p (+,-, + ) j^cjJI _ J ___. I j-^jj . p (a, b, c) >ajJL 

. Ij_v_-j .( +,-, + ) lJjJJI __>j__, a_JLii>-l J-A 
(__L B pj ■ — _-H lJJJI ■ Lal , ,. I j mj -.1 ij-uu _j? .J_L__o Ji-ljj _;! (jjJJ . Lu_Lqj 

(___ Sj nil i a jl_-Ij (_>i,LJ3 >!j^>-Lj lj-4 JxJj .LiiL*L>jVI o j-ft (jji (j_jkL>jl (__;! Jjio 

jLsejI ! i i^y n\ j«j (jji . A I j t ill ^j i ii -nII (_yLc j^.VI (_pil j iill «lj-9>lj 'B pj i ii -»JI 

^lj .a JjL _> _>! ^JJ B jc^kJI lJJ (jjSJ ^ [ p ab ( +. ") Ui*^] ^JUl^I 
3 jj-^Jt <_Jc ^j-i-Vl j^Uj^l oLJULjk^ a .,„;IL JjILij ! b JjL J*. Ji^i 
^_Lc L_*J^j_ol(^-li^J'P ab ( +, + • P ac (+>"). ( +, " ) 

:i jj_j_ .(i, j) = (a,b), (b,c), (a,c) ajj^i ^ijj^u P ;j ( +, - ) oUL__'_l 


?otll _ J*_ I^Le 

P ab ( + ,-) = P (+,", + ) + P (+,-," ) 

P bc ( + ,-) = P (+,+,") + P (-,+," ) 

P ac ( + ,-) = P (+,+,-) + P (+,-,- ) 

:_J ^lirnnl _)<. <ij __y_L«_,l -j_- (jja 

P ab ( +' " ) + P bc < + ' ' ) = P ac ( +' " > + P ( +' + > + P < +' " > 
:_it -^>La <j»j>^W ^ 1 -" P ( a > t>, c) __UL-.-yi _,! Ujj 

P ab (+ '-) + P bc(+'-)^ P ac(+'-) ™ 

4__a.jk; a ___=. <-," iU La.< Bell's in equality Jj_i 4_jI , - - ___. «j_» 

J-*^- J-->L-- _it __lc (j--_i 4_jL_il jl L*___lj _jj-!j (jt _, t ; i J ■(j oj i M 7 « l l 
.4J ljjl___- jt c_Jl_JI JUo-VI (>a j-i-l (jji CjVL1>I 4_>L_1I <j_ _jrdL__J 
(j_yVl >__jJ_JI «_£■ j-_-j>jJ P ac (+, ") J-___> ,jl 4__*j 4^lj_l 4_L_-- L<pl 

.4_uL_JI 4j_l_dl 

J-u J-al__u 1 ~ ij ~»~ 1 Joj 4jjJ__ jj_: j i*rj^ --S^L-i-l j-fc }■_«_> L_» t>l r 1 rij-C L 

j j 1*1 1 ■ *j ■ ■■'*■ — JJ_ -—-«J .Cj _ > L«__w VI -_a j '~-j" tt J_>Lt_j I 0 i jj ..*■! U . ..j*,l I -_a 

.Bell's theorem J^, 4jjJ__ i_.f ____ (7.6) 4J_L_U __JI 

>__>J>U tj__a (jja j__1 _)jijJ l-ja^ Ji-Jy Laj .1 njUr IjLs-jJ Jj-> 4jjJ__ __j_s 
__S 'jJUJ Lo __1_. 1( j_jj_JI lj__ -_* (__}__>. VI ',n i^ijj . 4' M.^lLa |-|" jin 

.4j__-JI -j<j...\l<H CjI jjt".U _)L_- 
_TU 8jj 4jjljJI __ic _____> I o 1 tj Pjj ( +, " ) JL_.--.-~yi _,t jt__-ljJI (j_s 

■-**_■ -Pjj (+,-) = P ( 8jj ) ^ L)5 -i----. (^j-jOi 1 e-*-*--~ 
.5jj__JI ____ (7.6) -J.HI 4j__T,j_Uj 

P(e ab) + P(e bc)^ P(e ac) (7 - 7 ) 


^jisiJi^lSjUio» 


ijjl ' "" * jj^- 4jf _;?•_: <_il j-hJI S (_JI _-u_jj» j-~ jjl r n*i a jjjjJI I j-4 Ja 

*j_J .,__»_ .P (8) JU___-1 <JljJ 3_Ji___- 4tj.n _-_-_" ,_JI 1-LjKj ) U__- 
_-4-JI >— il i.i-sll _J (jja (_-jJI _---■ 'LjjjJ-> La-» U -Cjj J-J-^ 4 ji<i"i ' I U," iJo_«JI 
. J-J.1 _Lu_- ____ 5IsLuijj 4uJ_J1 4-rj~iitl Jjjj L_|L_) I.J4J -Jj-OJ j__.L« 

P(6) = ^- sin 2 ( -|- ) (7.8) 

J_i__ .(7.7) -J.Ltil .Jjj 4_jL±_j> _J (jja _,_l _£_-_> jl (jl^Uj 4Jj4--JI _y»J 

l_l - 4jj_JI aUo.l oL$_*_- —iljL-i. _l (jjs __Jj _J_U, 4 j.nilLi - l_",J--jL--. 

j j t -. l l oL_J__J _>___ V :-___>UJ1 .5(7.8) 4j ^ll 4 ; i ,nll P (9) i-.t ,n^ 

jLpil ^ (_ljj-~-I ^-Jk-I l>j l^ 1 ^ Ll-I—I jAP o' l^j~I c^iJI 

4 iinilLi L_ul (j_Jj .(--Ujjjjj) 4j_L Cj\ <ij . u-»<t 4 j inilLi _>-J . Jjj 4-ijL_a 

L^ieJjLlj i;"" ,-_ijL_j_JI _jJ . L__U1 Cj_U 4 j i'"i ■ _ .1 U~ * , „1 ____>• Al 
. 3jlj_*u SJjLill Ljjl __Ljl j-l _,_». (<_JI -LuKja (jSJj .4jLj>-J _-____« 

._jL_j__I JS __JJ 4__L__VL . Jj__ !__■- .4_;___>JI oljj ;-,t,l o j_J_l ___J 

j_ «.jll Lj_a__ (<J U .(4_JI Kjj L iCj a j_a _4_L_lj3 (-Ju_ .1 <3~_ >l_~ t-JI lSJ-»--! 
J_3Jj •_j\}J.I Ujjulj .Jjj 4_ij___ ___ Ji-JG ___J1 4_aUJI J_>jj__JI (j_a jj -r "m 

j j t", a 4j_J_j *Lj __9 (jjj mi«II _)j__II -_l jij mio-_ (jLj J___JL (_-JJ JLi_il_ _->-' 
.4_JLc 4_>.jju 4_j___!j_a _ L$j_J j mi- (<ij in -J I jl--l- 4_-jl in'i a ____- 

. JU 4jf ____ Ls L_j_ 4jjIjJ___sIj 

I <j'iKjl u 1^-ljJI i,i',IIj __l_-Lse_JI JJ_ __3 .4__a L_ij_Ll- jLol jJUj 
__ j l_[j) . 2_sljJJ 4 j*Sj in>KJI (<ijj_L-_J.I __tl 4_jjL_ *j— il -J-JU (jl .(«__JI 

4Jj__j I i <- j-j->l Lj 1 1 i"t __ij__u l-gjl__ .Jj ii* inU u _ijL jljuj __I__L__>I 

(^J V"iU Jl__ 4jj n t _ 3jj_-_j 4jjJl__ (j__4J Ijlj -j .4_l4j-JI Lul j-v ___ _y-J->Jlj 
(jnt ill Jjl-j I aj^ — L«Jj jl ! -L~L_JI 4 jj mill j-- (uSJI jl__9l L^j-J -d-il m","i _-_JI 
. _,_: jj I j jjt miI I ^ji (_J I 4jjJ_u L^j^ (j-uj (__ll I _JJL>J I JUC — 


?_"_' _._*?_ lil" 

-__->*_, 

I <>>jl I _l"i aj '.j^ i a ___jj J-La I _ i ii I («__JI KjjK j a 4jjj if» i * "i n I jL-il 

__L___-:>UL 4__j_jJI 4_pLj__,LjJI _-L_.lj,_ a H _-_jjJ 4j_,L_J! jlcI^SJ! o_-_jj 
lijL____a ,-L-l! jl__V| jj_u ^U__LjJI c^UJI _____ .(iuj^iJI) -Jj.l 

!4juIj 4_>-j Ju («_JI Kjj-iLja j j"i t") 4_jjjj_*_JI 4_ua-L_!l _>_<) • LaLaJ 4 1 nii'i 

S__Uj Jlju ej_ll Jfrl mi"ij £(__-__• (jji _>— — 2 . 4__jj t a ljL__3l- _)_! (_JL_4 _>-jJ 

l__)|j__I| 4^__».lj_a (___ _gj j linl lj _)J_-JI _) 11 n"il 1 _)l Ljj_PJ_a (jj-J _— lj__ 1 1 i I II 

J. - liH I j___> __a L_li__j__ ___JI />ljj-l (j-o i(«__! I I _$__ j rt 1 n" (__iJI 

.JpLLs. i"«VI -".--VI -_l__j i__j_i (p_ii'i (jl JUjj il ju_ •(_Jj*-' Jj> ■ * 1 1 j 

_-ljJ! .4 U "<a j j r ,__JI LSLjj-L-a _)1 <___> ____iJ! j j t "1 U sj_L_ _jj 
j_£__j i__j_i_Jj . LjJL_- 4_CjJj j I t "1 a _) 0 t* j _gj "1 1 11 a (__Lc _J— _J _,<J 1 nJ-SJI 
4__j___- . 4 h--J— U (JjjjJ- _yC _-lj j .t " . U — JJj — -j__>jj 1 ittVi 1 »1 Ijl SJljJl». tLj__) 

_Ljj -jjI ,- „ ___m_ ^___ji j j ; - 1,1 - 6J & _ji v 1 . ij j 1 ^ -u _ ijj^. __j___ 

■ 4-j_L>JI _jIj j t" all (_,_____- uL>_l ___ 4jjju j__j < gyj i_JL__j .4-__L__JLL 

iLa «L___lj» ' ■ (jl I _" «) _ - 1" 1 1 11 j 1 («_JI l_-uKj a (jlu ij_j*ll_ _j! hK i '__— J 

J J-"\J J- 5 -"! _>'*.' ^ lj-*» '-J- 1 ?^ J>-_ •«4-JL__J.l _-U__->UI __J 4_uL____l 
_i.U_.JI 4_._L___ -JL-JI -JJi .()-__! j _.-__- _,_," Ll) L_ljj -jLi. -JL___ <JI__ 
(«j__i) 4J___a _,j__ j_.L_-_>JI |_;Li (-__JI Kj'iKj « 1 il j ;* j . !>!_»__ __jj_>j)_i (___!! 
jLL.1 ___. 4ji Vj .a;< a < j-j_c (jj__ L-^jij (eigenvalues 4__pl_ ji 3j j«- 
Jj "" 111 II cru UjL___>.l (jiUj V "j__*_i_ _JLl_ _)! jj--u .L^ilj (__JI l_Lj__j_. 

J-r 1.1 _>-s L^j-il t" 1 nl ^jU"i . .■"> La jJlJ oj ____»UI __iL___>Jj) "j___>L_>JI 4J__5_JJI j 
K-.il-L_-a __V_L_a I _ p< -»" l_i VI 0" ■-! ^a <Ljlj __-____- 1 Jj ""1 111U .(---jii -r a 
-■jLi- jJ-jJ <___jJ.I __J| j___JI (__ i_jj__ J _l Iju* _)! 4jj_____JI (j-a-Jj .(-_JI 


_jjj_>. 4 j n j < j j i m rti 3j__> <_-i--"j ij-aS/l 5 "-j,"-- ___ t> J_S '."j Uj i m! I 
Ls__cj . i U !i 4 1 J, i j i __jjJI (___• 3 j mi j\JI («JjJI 4 a jUj _>? lj i * _ n i_pL__>JI 

au i .„. ; ^^1,3 4 j«<Jl 4j<jiKjI,i 4_j_*.j_u 4JIjJI _,L_. _aljJi <__ 4 ____»_ 

j j ■ ■ u • I j J_& 1 . U * '« d jU ; lj" L__jl (_— g— I i4K I j__ Jjljj '._jjl_£jl Lyjjl 

j_c a -.i i _,__JI ^.ijln-.ll Copenhagen interpretation ^l^ii^ 

jl_Jj>- 4Umljj _;! '.«4 j<j i m>— ))) (j~Lj_ 3ljl 4UmljJ "j_« JjV 1 ^lj-. . 5U._I 
4 n j ii < Ls (j 'n ,< u _L_ (jjj (j_« JL >JI <___. i> j_* . J j < n i "i 1 1 ^JLus «j J j <» 

_>j__ LojLic cL__i}Ll (j_Li_UI __«_. 4_j_u< (jSJ ._pL_>. (j^LjJUI _jLIj_ ,4,j,Ur 

4jjj jLUI (__S 4_aj <j iiaj 4____lj _,j_j _t l-Lil (j— j«j V SjuJ-C OljLj_>- _JLi_ 
(_jua_u _;jjl jj i«j_£j _uL_JI ^ j (j ii 1 L L__u! j j <iTi 1 1 (j-a Li_ (j-iLj V .(jjvL>JjUj)< 

.4_ i __.l > II __L_LSJI jj t r„ Js, Vjt I d lj T .,." jlLc VI _ji ■ 7i V __Li_»JI (j'u 

. IJu* (jjs j_Sj JLaj (■ Lr Z" — JLi_ (j—Jj )(jj/Lj-Ltl —jljji 4__) _AjLuj_L 
" JUJulJI («Jl jjJI j j i ,i ii") _,« . L_ (_Jj jLssjL j j . Vi (jt I i i< « 1 1 . Ij_u>-i 

cjj_l_uI j^» 4_>.j__9l MjjJI ,«_JI _^_LJ. many-worlds interpretation 
4_LjJ_u P L__iVI 2i.^.^ 4_>.lj_J \ ^ov ^Lc ___ Hugh Everett III «cJliJI 

(jAj (jja jLx_sw'- , l __JI 5jjj__JI __c_ LJ_ • jL>J.I Jj-j-_ __Lc 5lj_>JI 4__L 
gjljjJI J- _>-«j «Sjujlc («JIjj- _JI Ijutj -JLJI _La i4-uju __,Lj__ £_Lii 

lj <Ti i ,i 6 I jufc JJaJj 1a5.W~ii.iII (Jl jjJI J< (-_> ^jL j^Jiu 4iSL<J.I 4-_U_J.I 
3_jj>.jja («JljjJ MuLt ^IjJIjjj^ Iju__j cJLLA (jL_ («J (j-aj) .JjjJo _-ajJ jjJ_JL 

i( __CjJltj jjju-JI 4j__>jJs juj JL>JI C-jK I o Ij a j .(«_JI L<_uL__J. jj.-A-.tl |j_4, 
jjJl_v Lij__J 4jl VI i 4_jlc Jjj_«_ill jjl 4_J-_>.J (j__ij V j j ... ii"JI Ijub (jL_ 

(jLSJll cl__it J< __9 clones _____ Ll« J_J (jl .3 jl.„".ll Jj i.„ _,_. JUL_L 

.Ijui LJjL_ V L__Jj 


Totll £ j?_ li>Lo 

LjjjL_»_> Ijjj .^11 __-ul_Cj_« j j i ii (j_l 4-j_9l i"i flj 4<i t i >-v CjL_Jj_« __lLi_> 
j_L_wjJI Jj-A-iJI 1 ju_ 3j__j_U CjI ii jU"1I _jL__1 '«Ljjjj ij-ill £jj___JI ' (j__ 

-_____LUI JL_i_S £j__oj_*iJ -_j___-i_jJI -_)L_>L_s-VI J£ -__JL> -_ij « ini J_3 
i|_j__JI ■» .-Ijjj^tl «Lo-Lc »4 ii i n^L_JI :( ij i>->'i L^-i-a _)L__il J_Uj ■ *•■—■! Ij 

. () --UJJJ UJJj) ••• <(jjJJJ-->UI l( jjJJ_5_-il £j_J_»- 

. L__a jt ^-3 3j- >->- « J lj_o («S-ll K-ljI£Lj_s Jlaj 4jL$_JI ^j 



j , , „'i oUuii> ^^ic jcSjM __jjL±^ oLijj-Lij 

jUaVI c^J . j J « 'U 4LL3 

.5 «j jUll ,__j3 Sj^jJtl iTjI n j iii-*.II ^ljjl ' e 

.L_pl jj"L3 i ii^l ^yill S>2JI Lryl__^a ^JJ 4-aL.i)/L 

_jrGj_SJ| 4jL_s- .Q>L_^J a <j\ 'i <n _jj<-'il 

_jjs 1,'iL^j L^jljS ijJJj j-aj . !_.<_. ...M< IjIjj __-^1=JLi 

j-j_-jj V .^j i i,i">MJt (^yASJI Jl j ii.II -_jL»J| 

-» (j^Jj ' , ' J - A Cy *cr^ li' Cr* Mj 1 

JjJlaj (^l tji.1 u « iiij I rf) , 1 i f jj-ijjj -JjK 1*1 a 

__;j _ ■ ■■ ' ^ja «~i jL-jJ Jj • -j >l 1 1», i -? . jLLsVI 
.5 i j ill JajU ^ll JjJo Lplj 3jl ' * 

<__»-U j j* «' _jjjj£LIjXJ 4jj j i ii i II _JIjJj S-JjLla- 
^ji.i-w _jl j «LajJaia dJL». <__,_ Lg__J iiljL_ SjwjJJ 


uSjisiJi _j; SjiJi _u> 


niilj (j-_ }L-_>_3 .4___>L>JI 5 ^}J ■~" 11 l-jjLojJ.--« (__!l -jljLil j o ,?-»") JL>-lj 
(Hii.-y. -jl.t >' inl _-ltL>J jl.lii i„l j 4_l_! _,VI <__--- L_1_»JL«_« __9 JL_»-jj V 
. L_j jr jl 4jj j i ii '1 4_wJLxli 4_«JL_j 

LSLjjLSwta j,vLa jljlj lj-L« 4 inii'i .-.I .j. .^.tl i)j_^J J<i",-».l,l J_»JI £jJo jl_! 
fields _jVL_*_« __L_ _;-L_ jj.Uil Lj___« lj__ _,L<j .«Sjuj^JI» <_<JI 

____ ,-X_....>Ktl 4_l_-.LJI (jjs ^...jUI-.i^jCtl JLJ.I 3 -jly,- lj-,„ ^ 
La L1l-_ _>__ .4 j^jaLu-- -jLajUia< SljLJU (»_-> __Lc _jVL»J.Ij -jI «j in-*.ll 
j-i-lj! (___) 3j_« JjV Ij «< _, i ii jUL— — ajj^SJI JL>J,I 4_>Jlj_« JL-C. j_$_> __j-*_L« 

quantized J^SX\ _,,„jUl;UI JUJ.I _,! _U- .(jjj ^nll _,j__JI _jL_j.jj r„ r 
ijj" .iiij! L&. LlD (_UI (c_.L.j3j_4JI) 4___l a^jLc quanta cjLSJI _11_ _,Ur i 

<__£> j___l_9j 4_>.jJl_« CjUjjj__JI (j_o -J . \\ - 0 j»l_C ^~oj-& JjV _w-J-->JL 

3j_-9 J_*j _;_•! _jVLsl_« _pa (jj-J-Ij (j! I d i< 1 J — jl « j<„ ->- JJ^-J -_>! ,Vi<l (jl 

i-il . .,^-11 _____«j — _jLjjjjj_Jlj '"'l'Jj (jLj _, . '— "■ ■ »-— jIj («>jt »") __!l 

.SjJiLLa <_jVL>J. _jL»_? LajLLcI I ,;-»>! (jiUj - L^___Lu <__j__. ,_lJI _;j_».Vl 
j_j__ .oLjjj^JI Ij_c Lo-j-s .-j! ojm, -kJI «jl» JSJ jLl._c.VI _u__ _jVL>J.Ij 

JuJl». _wa 4_l— J l_VL_*_-. __Cj_l>.| JL_fl . 4j<j,i,M-? 3jj__ 4j| __9 LJ 4-_jj_«_a 

(j-lJj - _jVl_ui (__ a jjt 3 .4jji_ai ajojn.^ji _jL__i i_l,j_>j 

JL>J,I 4jj1__i j j U i a (j-a 4 j ,nL__il 4_ul j ,.~>Lj <__LL_> j , ", »"> (__— 11 — L^_iLa-? 
_JL_D 4j <„1 ,nVI _jL«_u__>JI ___ La :(jVlj ,,ill J,> i.il Iju. l__wjxuj .(_,-_JI 

^LlU 4 j ,„l ,„VI l_iVL>J.I ___ La :_nJlj ,„1L SL^Lj SlaLJI _rj-UI ___ Loj 

j«_wj__) (j->- '(JU^' t— jIjjLj 5j___j S_h_— jJI I j ■ » ■ »_« _jVL>JI jjLjj __a_)j5 
i_aj__u LliSJ ._JJj Julj I-JjJI jjju i_9j__i 4 4jjj jI oj ,,,-w _ru —jIjjIj (^JI 


_,_.jJI ___. (ji____>lj (_$_!_ 4 jojm-».!! cLJI (__Jlj_-) cjLlJ _>_. _jf ____*__■ 

I j__A jl i4_i£j_-> j j ■ --"■ (j__»J La 4_j____ _,_) -LAjjjlLI 4_i__L__iVl ■"■! - j ■ ■■ -^^ 
. 4jJ_> 4 in-t- __3 t jj i <i~n 

_,? L^_) I jl. _*_,-____ I UJ--JI o_j_j_M_ JSI jl -J__»J l_JL__ __iL_ Luj 
lj_jJ-f (_____ <uL__l <____. <*]_»_! 3_i__.L__l _L_JI (lJI^S) oLlJ 

i J ni f -__ul_JI (jj-_JI (j-S 3j_l_-VI — jlj i i nll (jjJ_j£-JVI ( fl M 1*1^1 J___) . JjLjll 

4j>.jj_sj _>jj_3j_>j £_J_j ______ _r->- Jj I j j 1 1 SjjJ 3lj__> _jjjjjjJI 4jj__ ii-»oj 

JL3 _j __T _)lj i ^ \X V ^Lc __3 (jjjjj_j_JI l fi mm^Ij i -JJj-_- J-_C JL*J SjjJI __lj_j_J 
Sjlj-oj» 3JL_- 4-La j-L->l _>_-—<» -'J 1 -*"?" rtit iit-r^ (jLlSj (jl Jj-3 C--SjJI _)<-»-; Jjj »"i i nl 
i5_ul __L_. __l-u -JjjL 5j_j. (jj-j-_JI 5_Vj _-->j »" m ,Ij .,jjj___JI jt <jjJjj--J 
js__- tfjj-$_- 5_Lcl (j_- 5j_L_ j_»j 4jL$_JI ___t __ j-----ij ^ *» • 0 j_Lc (___ __"< i-ijl 

(j_o 4jj£__ 4-jjLa s_j_i_ii :_JLi_. -r i ir->j lj___>J . (_____js _, i n j U L_»_a Jj_g-C JL>J. 

(__iLjjjj_j (j_a 3_jj___a 3_jjjlj i_Ljjj?j CjLijj J-^l (j-« 3_jj___a l_jIj_>j ii_j!jj 

__JI 4_i-~jj ^«JL_JI Jj__-I J__! ._j_jjj__ _)js _)jt__a n j___> i_JL__>J i_j_Jj_jj_jjj 
__J|j___» _*! jl in"ril (j__! . 1 7 ■ ■ ■ — —- )i__Lijjj__j i__Lijjjj_ijj i__Ljjjjjjj _jLjjj___JI 
4li_> jl .LiJj-aJ (jjjJjJ-JI 4jj_ ( _mi"<I _jjjl C-AjJI ____) . JLaVI JJ__- _)>_>' I j-_ 
• 0 JLH-jjH-^ ' _^_^ ' ' *J - ' "* * -_M-W — 4 <ijn--l I __fl — 
4____j_La j j <r 4_-__j___> Vjl Lj--_J _)jj_-_J,V_! jl iriU pj . ~-ll I Ju_ l___j 
4jjU.L) _)Jj__jjj_lJI ,«-_uj _)l Lsj . _)jj___J^U 3jj , ...•■II 4 j <!<!! (_Jljjj 4jjl__J. 
Lx__il_L>j___> _jjjjj_i_Jlj (jjjjj-JJ (jj-o (ji _;jJ J a" -k II (j_o Ijj __--- 

_)Jjjj j illj jLuail (jjjjj_jj| _______s| Ji___3 .(jlf> J_3j . L__aji I - q> _jL__>L_»JI 

(___ (L_-lj__fll) j_JjJJJ_JI (_______'| l_»_r .(jjj Ml« II _JJ--JI — jljijMMl -- (___ _,L__J,I 

"j "■ ■« ■ _) jj "l jj j-J I (_flL_a__.l Jj-fl — -__>VLj i(jjj Mllll _)J__JI _-l ji j")^-J JjIjI 


uSjljSJI 6 jiJI o-o 


__3 4_>L__JI (*-_j) ihii">- 1-L-ljj jL__)V __>._». __]___. __j_. '<-JjLJ L-Joj .3j_i-«.j 
.SjlJj Slj_ J\ j-_l SljjJI Jl_»_a JcLi-JI -dJj -(iJJ-JI L__u J^ -r n ,n\ 

^lj-ial o^j-^LiLI -__LL_JI _>_, (j^L^) j_____j _] J__l2 V L_j____Ji SjjLL 

. (_jj_a j_j__ J jl i "i « |-j •- A t- ...lj ■ Jijj 3jj___flJtl 4_-LL_JI _|L_i _,'-"* "'J tj-ljLj 

(jj-o _,! ____fcj pj i ii -*JI lj_4> _,! L_jj JL>_i (j_l -jj-LjjUn^tl __>LL_JI i-i-r inj? 

_i___Vi Jjj-j-_jj . _,>u_yi __i_. itsji («jjl^ (^sw pi _>! '|j>* ^i.m^ 5J___ ij 

4jjJ___j 3 . ,„-,u , L £ >jU s__j| Lgjj-jLa <-," /ii __lJI 4 j ■)<!! JL>_U 4jjJ__JJ 4__L_JI 

lj j m ii" j*v"i ij _|l ^ ^YT j-Lc __3 __<»j-j_- ^lln"unl i4-j_*__1 4 jimj U ____>» jj^SLll 

_-a -_j_«__>Vl jJL I jla (jli-j • Ljjj J-*~- jJ__>~j-_-JI J^-L__y LJL-5--0 L^___i 

3_UJ->. -_j___> __iVL*_- JLi-jl jl SjLJjL>. i-Ul n ji.i-w ( _ ) __lj-_fll _,V <3j-_-JI l_1Ij 
--i-Ajjjjjj ji tl (jl_i ^ijl i ii J-5-J _r— -■ ~UjUitl -_il_jjj Jl__J .i_JI jjl ^ j i ii (j_vj 

__)jL>_! J---LJ.I L$_sL___.l j-t-_-j _>! o^j '-ljj__- (j__>jj VJ SjUI j_« jjL_jV 

jj____a (_,__ (jjj___jjl _|>-J1 --L-L__«i- i rt i r»" i i- (__-! ĕj-A JjV C-jj-3-t 4_-_g_- 

jj lSjj-J' Savannah River j-jLj LL_____ J__L__- >_ <j_.U___jj-_ i jilt ^ 
. Lt>.jj_>- __s 4_JL_JI 5jj__JI 

CjLjjjjj (j_a SljjJI -_iLjj£_- !_______»_ it-ni ->_i _-_JI _Tj__JI 4 ■ j jU (___.__. 

J-j_5j_Li <~i jU-». ___Jl l£_>-~^'' -_jljjj___iJlj CjL-I mi'(^VI _nj (j_- L__» oL_tjjj-jjj 
j_jjj_. Sj__> (j! -dJj .^w-j^J-j-JI (jj__ SJI _jLujj>1. JjIjI __a jljIj-JI j_L__i_.VI 
Sj_S-i J-»-_j I o ij i i(Ljjj-4_T) JjLj-jJLI (jjj_"j_t_JI ___c j-jjLjJLj I r _;-ijj V 

4jjj_JI ^j-ltl (jl La_-__>lj (jl__i i_JJj (j__ ^L____3 .__iLjjjj_JI ^ljj? (j^J j-_>Lj 
L_-lj__a (jl (j_a j«_-jJLj '.^-jJj__> Sj__> (j_- -Jaj T I - _L_>-jJlj _Jj__>I _)J__J (jl ___"_J 
(j-a I^^j!-. j-__f j»-_->-L L-jOjj-i -Jajjjjs "ljjjjJI _-iLj_CII jV ■ Vjl : !-_->- jiim"i 

L___ -___jIj__-- 4jjj_JI (_jLj_UI -iiij oV 'L_l3j iSjjJI Jt l-jLjj___JVI -LLSjl 
(^Lj_j__JI Jio l\Ti (_!___ (__> .SjjJI _; _ ', M i - __!_. Ijl_>. __>_____. j__v_>. ^ 


.ujiuJisS 


J : t--. -l j-_aL> 3j-j__>. 4______a Hideki Yukawa «Ij_.jj ^jlla» (-.LLJI 

-j--»-j-i j ■ 11 II __JI 4_jjJ__tl 4_j_l_3j .4_jjj_I _-j___-J __JI — -*_a _-j_l_ 

j -M I o g jH j j 1*1 1 i__L_ _)j-jjj (_— >.j_ pion (jj-jj : (jj— j_— >. (ji o j i ii 

(jl___ I i^lj j_-^U ____» ^jin-t. I «i i _i ii 'j\>— II <_-— ■ ^ J ^ - '" o-i^-PW 

. 4jjj_JI 3j__!I _JJ-«J __l _ru Ja jIjJ 4__5L__ _>£. 4jj___l j li i u* . (j_gjl U*i a 
jjjjjjjj OjHJLh 1 U*-J 5 >— I _)' LrJi IjLSjjJ (__JjVI) 4jjjj___I 5J_L_.I -_)_t a_j 

: _$-*JI j_L_ 

e -r/R 

V (r) = - g 2 — — 

.range «_;__» j__l jL R j coupling «_l j__l» _j_ g _j_. 
I j_^j . r » R _-_JLI ___• "__j__u _>____II (__ _v_g_>JI !__ij (ji <Li__Vl ajl jJJ 
m_ __JI i-.u ,*jl .IjKjj 4jjJ_J ___ .R _;__ jj -Jl j-s-»- JLSj ____JI 

:_J_JL ^jjl j-aljLi £-a —Ijjj iU 

^ = m _ c 

■ -.I /.jl. « -I 1^.-. ...I. .IjKjj J.»j~. l*»j r j ,^tl 3 /-j ... jl 1 _ a r 

i-ij-- 1 m_ = 200 m e :_ _j j j tl _J__J ^_jjj__ j-jj-Sj __JJ i_;jJI __. 4jjjj 

.(jjLH-J)?l aj_ m e 
_j_>-j __ic Jju L- -_ljj_JI 5___S/l -jjL>J _--) j-4__ .-Jjla i_j|j__ J!>_. 

ijjjJJjJlj ( jjj___J'_'l _,"l"^ (j\j 4 t-i i njj-a Jl£> l_jI j 4_j_e___a SjuJ_v i_-l nj i n-w 
j____ i_JJj 5— . Ij—JJ — Ljjj (jj_— Ig-rji^jJJ L$jlc __j___)l _>--a! La _)__.j__i 

'._lll___) _-J-J iSj rt" i n n j i C S__jJl_>JI i__I o j i h -»JL- . _>_j j « t 1 1 (j» (_lj___i 
I jLSjJ 4___3j_ La ______ I j .j_aVl 4j| _u ___) l_g__a __o____JI ^Jlj. («__. jj . _____ t j 

Jl_ _l «i j i ii -*\\ oJ*q1 ( j_L____-a'_'l _>______- (jl La_ . 4_x3_ 4_>-jJj I j i jj-_j 


-Sj __JI SjjJI 0» 


4_oj__j_U __LjjjJI l_>jjLj Jl_J : '<-.-J~ a 5-* La j_a i_^_JJ (— ' — * Sjb J^Li- L_>jjj-a 
oLjjjj_a : ^jjjLa —j_i__a Jl»-J ^ MV j-Lc <_-__) . IjL»- 4 iij<> iV» 4_vjjj 4jjjVl £_a 
lj__J i IjjLj ______»tj I j <i f Jjlat j_»-T £jj <_-ll Jl~r" Lg-iSJj "_j_».j_a IjLSjj 

i__L__L__jjVI jL_t 4__pjSLII 4_j___,Vl ___. 3j-ajj jj-^-jII j-a j-j-i- Vl ,„ -vJI 
i--j ~ SU I _l$J L__ii_j .3j_a JjV 4_jjjSJI 3___iiVl jL__>jl c-u i"»_-v. <u______jll 

l__-jJI lj__> ___t j_SjII _,_» .4__l mi ~ <l _£ jJI J-JjJI ^ij . -».11 j_» I j_* jLS 

^L_jj'_ , | 4_Jl_c 4jjjSJI 4_-__iVl ___> ojjja" f_L> _-9 _-jjjt-"i1I L__3jll _)l Ljj__- 
. 4jj tr mi U Cjl o j mi-v.1I C-iljl i ii a Jj y i n~il 4_ii> I j-C. jj j_) Cj\ i\-r~ , na ^-1 I V ~i i ,,L> 

: L-~> jl j~r -M J-l3 4jj rnill __■! ojmi-v.II _,_. _)l^j.«tj» _)l__.jj 3 ~j~ — tl i__|| ; 
.muons oLjjj-a _,Vl I ^m,it Ltjj (_____5 __l aj ,,.->■ j .TC* IjLSjj -jL>j_u 

La _)Lcj__i .(^" <_JL_JI _)__*11 l-L-__a I ^iiny (jjSL Jl + L__v-jll (jjJtl) 

Cj^^-IJI .5j_j-JIj 3jujl>JI c_Uj iu-hII o^-j-m^ JJjJljoLSyi -iSb 

Jia-jjj . j_jjjj_u J_ilj |J. __IJ 7t ^j in-y J !->■"_ .f>>J-_JI («i-j L__Sj .i__j__JI J-tj 

J i ~ .t- L_>jjjl> oLjjJ.1 


[1 — ^ e + jjjjjjjj + jL___e> jjjjjjjj 

jj j jll j o r 1 1-> , nj-j-a .(jjj___JjLJ e j _jjj__jjj_JI (jjl j j mij e + j_ajj| 

,m_ c 2 = 140 MeV ^ __£L__JI 4_~J__S 4__l__j .3^.15 2.6 x 10" 8 ,j;jL__ 

<___» <4jt-v. j-U J__-_- (____. <oJJ--5J>LJ (jj_-_JI 4___: 4__LL jl 5J__>.>La ^jiaJ 

4-_Jl__jl L_~Lj___l_-a ;938 MeV ^ ojjjj-jIIj <m e c 2 = 0.5 1 1 MeV 

j»l JL5____,I ____. j______jj «(jjSLJI 4__S 4_)L_>» --jn-i^ll ^lUinll Jj-Jtj i_3j-_ 

Ljj! L___ij! ____--' .i_.L_> l_)Ijl_-jj J_SJI (j__ j "i t_ i__j__ J I j-^jj .«4___>» 4..JS 
jLLI (_a ^L-j L__S j_*_JI L____j__a (Jl ^_-___vJI j-a__ (jc r MSJI JL-_ j-j-ij 

<Lju__j L_lJ__- , _•!>__! Sjj-CjlU jL___.'VIj J-SJI L__s \ )\y,„ J_9j ,pj,,i -v.tl (jjS-L_ 


iLlJIi-JIsS 


__,L}jjjj_jJI __j_*j . I j j ~i *s _-l--l — 3Ju 4_3jj_t_a (_-__) . . U ?Ta 4jj___a |»L_jI 

jl<j j'.« j«_-uL) i-jjjl SljjJ 'ijC 0 < il i a 4_*__a_j_~__a .*.l'ijj*j j -Hj 

L_ljj___ _j__J j»l «>- i»VI juljj (jjj Atll jj-UI __l jij~i>t- _-flj .nucleons 

.(jjjjj_jj - _)jj_ij_jJ «ojjjLH _ U>j_l> J ) _jUj_J-j_j_JI (j__i 4_-aL_JI _;j__JL> 

4jjJ_J j4JJ__J (j Jj-i J J i 1 1 L_l 1*1 "l l_jL____l _yfl L_U_J . ((jjjJJ_J_> — (jjjjjj 

j. ' _-Jj (jjj^' 4_ll_> j_) J _ i q "i _)! Jj_) Jjj-» -_3j _>--«J («Jj • Ij-ijjJ Ojjull 

ijjj-jJI j! (jjj_JLI (_, «i < .ij L« jj_ .Jli (j_j jj j o 1 1 J_l » " o (Jj__L- _j_>-j-i 

__Ljj_j_J1 __- (j_ lj__w -_jjj_3 4_I__JI . \ ->0 • j-Lc __a ___j____1 J_3j ,J_L__J.I 
(_Jlj__ ,U i hjjJ.1 L-j_«_- CjUjjjJ- __!] (Jia-JJ JJ-J • L__3j_La (jL- L*_> i4jj~- i~i 1,1 

.a-ul_ 1(T 16 

4jjI_w Jlj3 V __iL- _-j_-f (_-j mi< -I . ■■"i*?! (_JI -_j_JI Jj_< . X jl*! l___j__1 
_ > _4___-*lj_Ul4^j_^l_^j J __^ JStjt^ 

,jjj_--J)M : L--*i ------ 1 - * - 11 r cr- 11 -^h-LJI (oLLlUI) l_JIj__JI 

'. jL___LI jJjjjj-lLIIj j_ujjj-j_JIj '._)jjj_JIj '. L$jI JuJl__-.j (jjjjjjjJlj (jjjjj_Jlj 
<.L_jJI l_JIj_ .(_L__a pjin-wj pj ■ ■■->■ ) CjLjjjJlj '.4jjl__J,lj 4jj -r mi 1. 1 —iLjjjjJlj 
_,j3j__J|j (jjj__SJVI ___- .4 ji"i "Jlj (__II (j-a pUr Vl tj-J-til 4 j inilL iSjjjJLI 
J-sL_jJI (j--«J .5jUJ__ ____a __ll J__ 4 fil"i — a 4jjj 4jjj! jj-a 3j_jj£ 4_j_, > ~- a j 

l_>I_ Ijl_w 4_j_1___ 4 jUni (»1 iii ->■! L^jt ____ . ( _>_slj__.- , l ^Ut a ___ n_£j-JI _-« 

LaLaj 4_l_L_j 4_oLj_j-_JI __l_j___JI e j__> . Sil-j _, ■ ■■ jUI „ ^»j__ 4 Ze 4-____ 

4jV 3jj_JLl i_jlj__sljLJI tfj__ («_-! Z 4jjjJI 4j___JI _Ji£. j___«jj i_Jj-JI jjja"! 
j-u-Li-JI (j-a JLjJL-JI t_J Ll_> . j-i-lj (_--l j a j^ j inir (jt-J j j j n "ill (jc Jjj i nll 
, ^l*. jj_Jj Z 4jjjJI 4i-___JI (j— — I _--jl 4jjj| jjs j_L__j I o 1 _)J_u _-lJI 
(jja ĕLijSLa _Jj-JI (jl L___lj _---->! (jjjjj-jjjl i-fll mi "i < CLtj .4__SJI __3 L_g_C 

4_1_JI _)lj .__Ljjjjj_xJI JJLj_ ____ 4jjjJI 4_____JI (jlj .__LjjJj_jjj —iLjjjjj 


'j j^j j : ^ JJ C _JI a a-l -_a Lt_-v. (j-JJJ J— _-J (_— i 4 j_i_ li"i a 4jjjJJI 

|U _l 1 ^ jts» i* I j i j *■! A » I (jL_i J_3j . (_j_jjjj jill J_ilj _jUjjJj_jJI) 

_*-JL_ __a __1 « j - <_!] 4_jj_j_.I 4jjj'_l <j_a 4__L$JI 4I...I...1I _1_ J1j__-I 

3Lj__>JI j«J__ _j_j _lJj-Jj . — jLjjjj j ill j _jUj_jj_JI I s_> ■ '<* _rtj_L_j 

._j_jjj_j —jUjjjjjjj —jUjjjjjj -_Ujj__tl ,_tl Jj_>-I J_ «-UajJU 

_L__J.1 OjLH^yi SLi" a.La U___j «__l _:j_-Vl r l__*Vl __, l_l_a __J 
i-»jl_JI (—1— ' _i*j **- i_— _ — j _L_J.I (jjjjjjjJlj _L__JL I (jjjjjjJlj ((jjjjujjjJI) 

4«aL_a _-a iij|j_jj| (__ £_JJ (jjJ n'i rt~j'il J— — . I_jjjj_>-J L^L__sl _,l J±_ 
___j_L_lj ._Jj ~<I>U 4-_r j tr is> 4jj i iii'i 4 j ~ii 4j_L__a jl_ xj\ — JljJJ 

L_ Ltjj j-_ >! 4-_jA__ _j|j i-'ljl <- 1 __!l Ll ;~i ,,il 1 Lgjl jjj__>j _jLajJi£pj_i_JI 
(__ ojii jls l^il jjlu ____!1 4_L_JI J__ (_lll cjULSLJI Lgi! (_1_ i_jIj_sL_JLj 
_Lwl_jjjj^_DI _j— - j • "> _j' ---y d*-*** J— — - - • ^-jjj J— >— — jI jl or 

i_/_*l <*__ l_a_J .<L-__1I JU_I 4jj__J 4jj_____I j__>U 4 ,,,,;1L 4_Gilj_JI 
jl_J .~jJ_l_J,l L^ljJ____J _jL_jjjjjjj_i_l __a ^ljjl 4_J_i 4~j " ->JI (_3 _J__ 
j j ■ ■■ ' 4jj_t-a Jjl -_o JLkII 4jjJ_ii jLui (_3 Li_4J_- _4_ _jUj_ijJI C__».jl 

.4jjjJI _jj__J1 __>lj->- (——--_ (_UI _;j_JI _1_ ..-.r.j jl<jj'.tl _-j -laLJI _;j_JI 

1 _ «1 < "— <~i (__ I — j! dj 1 ii-»«ll - _i.a -> - (j-u (j-a i3jU>-jJI _jL»j_—-JI _,_ _jLjjJ,I <__il_ 
^o—— L»_J . 4 jl->- «3j_L_)) jl 4 ii 1 1 11 a 4h--J>_a _jj — j_bjj CjJlj (--II 1 l__u_3 
4_L) •__>_- f\ m"iihI -_a i(jjj___^l Ij_ij_ 4 1 1 nj ^-a-lj-JI _»a uu (j_ i(jj-jJ.I i_VI 
4_> (j_>L>JI (jjSL—JI jLL >l (___■ tfj_a_ij j""im a j_j£ 4_lj 1 l_jjj_jj 3j_a 200 J— -I 
-eJJ__a_a i_;j_>.l «--islj-a _,_» LL--fj 1 L_b t V "1 . .1 1 . 4_jj_ijjSL_a 2 jjl —■ "ij _ 
J> J "1 1 .1 ') La l_JL_, wdJji? .(I j |J. __ jL-" Ja mi jl _,--■>- _,i««IJ «_j_4_a)) 
>!_> J a i »'i1 _, t a- w _- i« a ) l_SL_j i«_)jjjjj)) i«jjjjjjjj» i«(jjj_i_JJ » — jl -r IU 1 1-> a 
. -1 ir-il I ^Jin-lllj ^j 1 n-^ll ^j— 


.UJIuJlsS 


,j_a_| _;_Lj (__- 4_jI M*ia i 4jj_r i"i 1 1 __1_jj-JIj i_j_)jj1,I t"ni mm^I <J_-> l__i 
4*_L_> 4_l_L_j CjI 1j...>J jIj_<-__.Lj __i__ij __-jVL_ .4jjj_JI 4____Vl l_jjL>_ Lr* 

J*. cJjJ- _jj-_-!J 10 20 ^J ,->_____. _*>____. _____ l( _*jUJI ,L____JI ^ 

oLj_jj_Jlj -.L-bjj^jJij-iJJI (j_a (j^j -I (j_a 4_-. j al o i Jl_>.j_j 5_J_) 

lj_$J . ^j.io inll L-j.t ir>a (i_Jj_3 (jjj_j_JJ _)J__J _JJ->- <_--) 4J_U_JI 4t iXljj-a 
(___>J 1 1 g"i aj-i 4 j 1 1 n 1 1 ( j_>j_ , | £Ji _J J-jJI -_~ IjjjS jjLjj V i_jl_fcjjjjjjjjl _)L_ 

. U^J^L, j__. l___.VI (Ja 

(___ Jl_j! j_L___a _j_a jj-^I 4_)_V_JI __l_ 4_jjj_JI 4___Vl 0_ui_> (__j!j 

3 u . ,.ij . i_JL_, l_;j-?JI <-_>L__JI (___ 4_jjj__ll 4____,Vl __l j_l_ !j_i_j ._)j__l 

_r* jj " _ * 1 1 4jjjl J-a -Ual ,„tl oLjjjj_JI ^ i U ■ ^," ( -,j ■- t^__L_JI (jjjj_JI 

^JI _j_)jjjj_ij __Ljjj_j_ij 3_jL__ < j->JI (___ 3_j_>.jll L_j_j__j (j__-_____Vlj 

_j__ (___ I *" i ' I i > Lo (jj .(_£_)__- I L_l| a J i 11 ->-J t_jUj_JJ 4 TT "l i - J 4jJJj!l --jL_- 

(j! 4_L__ (jjs <(_^j___. I jjIjjj <<_j_)jjjj i_j_ijJ_jjj jj_» ^jjIjuu- 1 ! t_jl_a_L___JI 
J I T) 3j ii "i Mi 1 1 J-J— _ 4jjjL_JI jjljjJI (jl (j^a ^_c,jJL <4jjj_j -jLajl i<->" jJjj 
4jj_*__J.I t_j_tjj_JI J1___J .JLill Jj-l_- (_--- _-l o j m> <_JJ LjL__! 

_j|j___J 4 _oj__ L-^J i i il" (jl Jj_S _-L_kJ_JJ_)J__UJ L-lLjj j a (__JJ L)l j -_l 

. 4jjj_) ■ ~" 

_jjj_>J L_»j ^LjjIo u »j »"i _' Laj <i <■ t-gjp* <UjL__!,I __Ljj_j_jJI L_l 

-jljlo C (___ Lgjj__ _j- -r .aj i_jUjjj_ (_JJ 4__j___j Jis__ij .3^L__VI ____ ^_L__J 
-pjjj _jUjJ_jjj _jj_J _?J?JI i__^L_JI 4jjj! j_a <_jUjjj__JI ^jLuajjJ .^jLuajJI 
___«J (_-_ _JJ__eJ ._Jj-_-i _-l a j i . . > J -J-iJ-JJJ <UJLM_j_h' - USJ-^ 1 ! _'jj' 
jJj-__J J->JI (__- __Ljj___JJ (j_a L^LLib Ls L_iUjj-_ujj_jJI ( 3*r .<u (jl (j_j___S/l 
L-jLajl i4jjj_j l-jL-jI im i4_Jjl L_il_ajL-_j :4l__L_JI j j m ") lj_L_J .LliLjjJj-) 


_-jl__JI _JI SjjJI o» 


_;j_>JI <_3^__JI j i "i »j <4_JLo->-j "jj . (JL>u) J^ - _-<i -o l _-l jU r <4_jj}_j 

<-_iLo-y__>JI J£ (j_« _)-*J j'3 J-jJjJ _>»- J ■ 3.1 "■» a 4_j_)l »~i a <ij| J__ V L_-j 1 n o 
1 JujJI _-JlJ i_3j__oj < L_Loj_9 ___ jfllVi (___ll 4__L_»J,I 

(j-o jljJljJIj _u j__JI Jl jI_ 1 -_.lj j_--j __L<- 3_j_ij_LII 3 « ,~<Sl\ j_>. Jys_c 
~- » /> i ^ «11 _JJj , 'i \ 4__1__ jjjj <4_JL_JI cjLsU-JI f.Ljj___I Ji» < jj_~_JI 

.—j| ijmi-»JI eLjj3 LL__3 (J£ (jj-Jj) -___*_o __3 (jL_uyi •____■ _)_0 — jl <1J I ilT-ll 
Jjjj (jjjjj (j__j ,,j_ij____l (jj_5JI C-l jiji. i <-- - JjIjI (__fl Jj-e—JI I j_* -_jJ-~ iju 
j-Lc __9 -»j .4_l-j_JI 4____Vl <J_il JL_wT ~-j-_-j» __L_ (__xJ__JI __LaL____i VI JJ-gl- 

^L_j,MJ c.iojl cloud chamber -_uL-___ i_jj_ (___ _>_____>. Ja3___" Uiv 

(__Jlj-_ 4__]__> J jl >"i<i pj i n-w Laj-Jc-I :(jjJjjL>- (ji ii j i n-y. -_J->-J (jlj-Tjp (__)j_JI 

(<iin,v j->-^l j l .n~ j n + iryj--- - ji-j-ij (j-a -rjj __JI _U*-_-u 500 MeV 
_)L_" . J-L___o _jJ-_JJ <j j~~ us-±> ct^! J^*-_j Wi>--" *-l--n _>-*" i> j ~* ' " * 
~j__} <_jl <i j i n -^JI <__-j_-_--lj <£j_j__o j_— - (_>__JL_- — _l mm^I -UL». jjt-*tl I j__ 

J J < gt*> 1-lJ '^ i j* - <<_L)j J--J S j m i j 3l . ' 1 11 I I ^J^-JJ • I <j'f* l ' ■* ■ "' al («~J _-^J *jj_>-J 
l-jIj i 1 nll __9 lj_____Lo _JJj _i_-j . 3juJ_»J1 CjI <ij 1 11 -*JI ^IjjI (jja JbjJLIj JujJLI 

j! 2_ i jL»_-_Ji L_*j_ui f > y.in-^i ajjjSJi -____Vi ^jU-j^^jj'.! ajjj-ai 

l-ijJ > »0 j»l Jl__j_i_iI <_JJj jAj (OJ .__>.jj^j j_tj ____. 4_i3|j_C.jjj_JI l_iI jl-»-"i 111 U 

.2julj_La 3jjj-_u Jj4 mmII SjjIj ______ _-jJI 3juj_>JI 4jJL_II «i_>LI_JI 

I o JLjj-Sj l_iI oj 1 ii-* JI (j_a ^jj -jLoJJ-j ___! _)_l __-*- <-_JjJ_lII ^cj 

j^ljJI (___ -I air _M i-iUjj ._-jI "l"1l JLct-JI JjI " o 3j <i"i n.o j jf <__ii <i j 
(jjjjj-Jlj (jjj "<:i)/l J__-_3 (__-b 3j * ", miU f_ljjVl (jL (_-JL_>JI (^j---il 

(jjj-- 1 ! _jl <ij i 11 ->ll J_j . L^Ijuj_v_>j oLAjjjj-jjjjJlj i_)jjj_Jlj 1 l_o_.l _uj__sj 

(jjt (lUlI-) -jLcjojto (__]! <i_jLojL__j __3 p U—~" Lo ij-o-I AjLgj __3 Jt~-~" 


.ULJI 1-JI9S 


S "j V, . ,. ^ j 5 Uj . ..j J_>_Ij_jj JjLi- (j_a jl Sj_iiLj_a LaJ . "j "T, . .. 1 1 ^I^S/I 

1CT"' 4 (__JJ Jj__u ljL>. Ijjn-t*! LLaj ,jj_Cj _jl -_sL-JI ^ (j_L«j «j_ajM 4_;Ljjj ____-» 

j S" i ii a JJ-C I oj i n-w j i* i j Jj_t_J,l (jjjjjjjjl (_-__>■ • ^ljJ^M (j r» t 1 1 4 j i n itLi 4_uLj 
l.tj "a (jj-L LsJlLc JJ-t-JI 4_3_>-lj_« ,yj 4_3L__!I ___p. (jjo 4jLjj _j_« <<-_jJ1 (_-__■ 

• ""' ■ . 1 « Sljj (___) 

U _ljJl>. <«JLc _jc Sjuj_>J1 ■ ->■ '«I ,':,~<VI (jjj -r___LUI <j_>-i_JI I JJk i nni< _l3J 
<oLjj "<1j ioLjjj).. - 4_j_.l_-JI Sl j -».11 (___) I $ '°ijju (___JI oLi<jJ.La .SljJJI (jjj 

j_a , I mi ->■ __-JJ >>-__ijl jLLsj (___9 La 4-"l£>1_u i'mi t'rt'\\ J_il - oLjijjj-ij iOLjjjjj 
- Jljj Vj - tjL-J •(Jljj-II 4jr-i_>__uj 4_Laj_«) SjjLc l_^_ajaj_a 4 " j '" j pl o j . n 
(j_aj <4jjl_t_ll L^IjjLjj L_3j_>1j_L ____) "-jLaj _jc <*"■-<- 1 1 1 (__i) j L~ l «"i a j j_i<tl (__-_l_-__JI 

■ LL-IjlaI (Jj-la-ll . I (j<jl...j L&jj_>.jJ "u-£L>JI 3_L__,L__Vl (julj_SJI (jj_ i rtMi<ll j«j 

JlL«j : Lujji- ~Li_tlj-ua <__~_v SjLC (__JJ "LjjLLjJI (oLi-Ltl) i_JI j_JI 4j__3 p j ■ ■■ "< (j_-«J 
(jl (_yJJ i(jjj___JVI i_al Mi"<lj LJjjjJI (j_>j__JI jju j_iC 4juJ_~JI jjm -II _j_a ___Jj^1 
oL jS> <i i Lj__)j_«_a 4 i7\ -»JI J>j_* Oj_«jI JlSJ -_jJ_> « m . I I (jj-SJI — jljij t ijl j-i-ljl jJ-u 

(jl ,jA (aj_jJLj -t-Jj^l Lu-ajLs _____ Mjj-i-l _-ilajMi->. ___JJ "_.L__>yL <Ljpljjj SjjJI 

__L_»VI (___Lc. <___>- j__3l Ljjjl VJ i lj_>j_- VJ Jju-ILj i <i mi "<" («J pl a jm -vj| ijjjSi (j-_»-i 
(jL___j_3 «jIjli ^j-a S_jjL_JI S i S ->r 11 £jjj ■(__, 1a f jl (.SjJ-j [£$-9 J_Jj (__-JJ LLjj__ul 
jj-i- Ll)Lfll mm<I j___jlj Oj__j L_jjJ i.~,j>- i<4__i_>j (_3_y-- ijjj-" S_UJ_>JI Cil <ij 111--JI 
(jl*j CjIJlj a__ji'i a -^jLLi^ ^L-u-^ tj-^J '- >J _ |JL> * l_iLj__>J J__S_* (j_uJ i<Ui I jlS" 
_jL>L-o _JLL_ OjLiC i(_"«i r I ^tjj "i iii a (__-Lcj ■ oLI j illj ^jLljJI I $ Mi lii (jj- 
JL-e_a ~L__-L>-j <SjjJ_-__a 4 ij « - .'il al t-'i ^i. c_jl -»■ r jL) j j "i a j SjjJ_a 4jjJ_u 
^j-i-t Ol /J i -- (__Lc 4_ijAj_>. 4_i_Clj^J 0>Lab i'iS n -»u La_> <-ii_II L_Lj^L_jJjj_jj_< 
Lj__l__ r.SiL-J 4_jJ_j 4_j_S_-> Olju (j_jj mi tll (jj-SJI ol jij" Mi j--vljl -_oj .SjuJlC 
(______!> 4_iL___>___]l 4j_a-vJI JL>J.I 4jjJ_u Lr_a — ■ ■■■'"■t (j-i a V"llj JjV"11j p_j lill JjljL>. 


( L*j .the standard model «^jl j < 11 --_j_»_JI» 0 i ,„j L~ j? .^j-Jl f)<v> 

j____l ,_yajLi \<jn»>\} L^Jjt : 5 iil", V o i_l g -». _-« £-J-)_JI I _-* f>J.i ■ <-»"> __JJ £_ljJI 
_h- (____>. p ■ 3^*"'.' I 1 J '** -_UJ__ (j_ii _ Ju_ i__l_-_t __j Jl 4jL_*_JI 4_ijj__a__JI 

gauge (.jjL-II) _>_Ll_JI cjLjjJ-. _,«> ,..-) ___ll 4_pjlj_JI 4_JL>J.I __l_____tl 
(jjjtM.II oj_JI '--ij •■_'■■■ J_l jt <___ _Jjlj_JI j_ JUoJ ,ji_ _ll__ . theories 
.(_jjj_*_II i_-L>JI -4JLaJI 4_____JI (_jIj_vV 5 a___U- .Lj-p. L__1_ 
j_i-ljt ___ -_jj_v! «tJjL?^ ^-g->«-T a 5 UiimI^j 4_«__,L>JI 3jIj_JI jj_ i_JLi_. _,_? 

__. I Jjjli Ijo. 4_Jl£. 4_>__ Cjlj _jl_jj__JI _____ <____ (jjj ,'jntl jj-_JI -_ljij",„ 

«L__j j-_-_l 4jj4__II 3jj___JI ■ " ■ — • ■ " 1 (j___JI jjj_uj •— jLjjjjj— jjj o_j_jjj 

.2jj_JLI 4jjjj_j_JI _jIjlj__JIj oL_L_j__'I (jja 4lnili„i Ljj_>. ij-_ij". . n a i 1___jI_jjj 

jL»j jJjj (J <_! VJ L-L>_) J_ (j_j |__jJL)j ;-jL_i _,_■! j y, i „ « t5jLx_Jl ~-.j_>;JI 

. _j <n", 1 1 _h« J_>L L-l <i",ll i4-jlj 4jl2_- _)Vl l___j__ Jl_J .(JjjJ—JI 4jL^j 


4-4-_4t *U_-*II* 4»*L_at <__U»-*1I 

jl>Jj-£ tji n i Jl-^jj . ol o j > n eJjb L$jJL>o ^l *LuiVl JM-i- £y* {j£Jj 

^_i___l Aj , ,. A J-J-C , (_) ; I - li ^ J . ,. --. 1 | ^ J___J ^^^IlJI t l_l L--S/i {j^ 1 ■ ^ * 

cJj-i-i -jl « j ■■ ■ > O- 4 4___3 _-Jj Jj--_ <(-jL_J- Jlss. i__l_Vl (-_) L*__ 

j_j__j J__Vl parents 4_J__«Vl _l_j__*_ ^ ■ ■■■;ti ; j ..j^jjjl __l 0 j ,,,-JI 

_j>L_L__Jl (j_a JUJuJI _JJJ__- (j-_4J 4_)L_ i^j____>JI 4_>.j (____. 3j rt", ,1,1,1 

jj_ (jlT, mmj L*^_iL_ j__>t jt _)l ^ j,"> . n * j L-jL__ (ii) .4___>L__CI 4_J]___!I 

(j-^j-t-u J_> L»^j! _J .4j_lL__)J — jI oj m-w (_;! I o g i>.L--j j! I a g". jjA j j t""i (jt 

oL_II_JI jl_cj .-. Uj ■■■ r t l (j__ _„l-.^„ __l__ __tj .2_iU_JI ____ |jl_»l_l .L__jI 

. 4 ,„m i'.t.l _j>__l__Jl _j__ Ji_ ,__« I mi-_ --Jl5_j Laj_v£. 4_JL_JI 


.UJIt-Jljs 


Jl "iti IJ-J-i <_,— Jj • |-J? j_-lji- _)_ (j_ajj_«JI i n ijll IJl£j ij_o i_3j_i_i 

jLa Ij_v 3jj« ir-» SL_U_JI c_-L_I l_J .(j^jjjjj j-jL___ J-ic ______) La jj— cl i jj__« 

.p + p — > p + p : 3 J)> ___H elastic «Lij-a» _____ __£-; -JUJI J_L__I 

CjI_Uo Jucj . JcL_JI (jc <L>__JI l_iniii <__-> JcL__JI ___t iL-ljJI l_L*jj__»JI jt 
— jj 4___3j_> j 'l ^t jl (j_j_fJ lj _-"- 4___JaLil_a — jI j U f _JL__ (jj-J _-_-! 

_JI Jj_>- ujjjLH i> --VL_>JI _v__j (j___j ^jJI 4_*jL_»JI oUj-j-ij-ulJI 
(> JcL___JI cjIjI- (> -jjUlj JujJLI Ji-Jj L__jt __l_t __■_.__ ju_j .Ojlhjhh 
j__ (jji_ _>_»_>. J_L_i _tt __a 4_>o_JI -jI o j ni -sll 4___) 4___aL_,l cjI jU r 
Laj__ t__u ___j| __| j|q ,H 4 i .iiilL L__jt 4_____ *____JI -jju-jj ;(channel 

.CjUjjjjjj Cj_j_ij iCjLjj-jjjjj CjI_jj__JI Jia ._£___ i Cj Uj m-w -Ijjt ^ _____ 
<_4>-lj_a CjLjLu-j Cj_L>_ (jVI _,"->- ■ -■S3 —" CjjLa__a 4_-L_> _-_-t J-CJ . I J-L_J 

cjlj s_L__J.I cjLj3jj_JIj cjLj3jj_JI _va J£ Lg_JI i___*j head-on collisions 

_jL_U_JI e'jJt JL_c __-_J .cJj__ 0j>--~! Oj---'iH J-~-lj _V» <Li_>-_JI CjL_U_JI 
__j_- Ljpl oj i ii-k i_— cl iriTi I (jiJm i4___L__,l CjIj__II (j-a SjJj-C Cj__a _£j_____JI 

IcjLUI __JI J____ 

j____JLI j-j_ n o 4JVjli quantitatively Ll___" ^_.L_____l oM-tiUj j _ „" 

_______ __ajj_La pjin-». 4JLv j i" <- 1 niJJ j _L__j)/ .cross section j_____JLI 

(j_?L_JI -__-_^Jt oiHLh^' cr- 1 UiW J-j__- (j^-_Jj .-a. i . " in o _>__-- pji"-> - _-Lc 

__>. (__]] 3j_Ji__9 4__L_> 4jt JlLc 1-^1" jLcL_u L_jlj (jjJLI ■*■" .^."tl _|j_vj . ^L-al 

.(j_sL_- 4_».jj ___- Vl cj__L__J.I ___c (___aL__: Ijl_l__u j__?t _;j---i cjIj__ _,__ . U 
_;jJI (_-oj «"■ iii U £____JLI 4JV-ij _n_-a JcLoj _£? Jl____-I _>_. j_lj___JI (j-U_j 

___ 3jn"n,i a 4___kj Jixjj l-JJl^JI (j? JjJtJJ (jt L___Uj -_-J_JI jj~—I __!-. l___u 


_-jls£JI_Jl-j_JI,__ 


|Him> 4_)Li_iJ J-_--- ' I j-* _>lj .i__jj__U fi j ... -».11 4_J_. <U"i mj _>_>j_. j-^J-« 
JL_J i(j_> j__JI -^Um ,____ _;_j_l_, 1 1 a J___ ,____ 1— ajL^JI __!J i_jj-__j _, U",'. 

_>__sj . X_a <_>_, jJUI -__ J__WJI _U j _J_l__ 1 jj _jjj_>JI _£*_» J_.L__!I _,! 

J_-I___JI _jl _,i «<i > : 4_l_)l___a 3jj m> __jjJL_ilJ L_>.l____a _>_>j__JI _>j__ _>f 

__!J jJ__JI _,_J_- ___ ___j .lJjJl^JI fi_i.ii-.il i_Jj___U _>->jJ-1 __J_-1 I jj _jj___ 

.L__*_JI Jy_S _>-U_U J-.I ii"ill (j_»j « "1 1 11 U jj___,l (j_>j__ll 4- a.1 1 .. a _ _)_>_ t Lu_Vl 
_>_ 4_ajJ__a "L_Li_ ,____ 5 U4I ...tl oL-jj-ail _va (»jJ-_--i (J^jJ 3 -JjjJ _.__ I jl 

Jj-tll i—j\ . 11 tri lAi -■ <i 1 n") (j_>j «" 1 11 1,1 £_a__U 4_>j_«_a _>|_- 11 4, I gll __La____>. 

(j__»J ._>n^«1Lj ._j___JI 1 1 4 ^jj 0 ill J-J 11 "11 ___)_.___ _____ __Jl_sj _;jjl 

J__L_" J_J_ . J_.L__JI ___j__» (j-U rti Luj_>_>_ 4-_-j«" iiitl jJ-Llil ~- t'r, ,„ l 

4_a_L_-JI 4__>j « "1 1 11 U -cJoLJaJLI I «1 "1 «" j .4_) (j_>L>JI (j_>j « "1 1 11 U a »t»"i - (j__L_a 
3JL>. (___ -jl <ij 1 m-hII _>_a (j__a _jjJ 4 1 inilL . i<Vi1l 4_>U_ (_-_- 4_-Lc 3jjj__) 
-____il j_b 4 111 'M "1 U 4_-_.j « ' ,nU jJ_l__il (j_> -w J_<_L_- (jj__i ^i l 

. _jj __L__,L»JI Jj__a (______ JJ_*J j-J_-Vl I j-Aj .(_JL_>.VI ,j_>j____i| 

4_l _J_c JSLjJI 4_j___j__ (O-L-Liil ol^l (__aj_>JI __1_JI jLl-LcI _,« »1 V 

111 -.11 jl 1 4 1 pll (j_a _; V 4jl__L___« 2jj iat o 4 jl« 4 4_uLj_l_ ^L__>-- jJ_L_a 
j J J <i"'1 4-*jlj 4__jj__ _y_. 3jLj__ 4_—-j « "1 1 11 U jJ-L_iL_ i(j___»JI __L_ . L-_jj___U 
(j_= j «",„U ^Je-UI _,_- UK_ . Ll^. J_.Li_JI CjI ilor . M"V a _jjj_v 4_J_La| 
(jjjjjj — _)_PjLH — jLa_l "1 4 j ini IL . Ijj-j_> Jcl ii"1l _jj__>J JjJI _|L_ I j , . C 

^Laj'- LjJLa (_JL_>.yi ^jt-.mU jk-il (jj__) 100 GeV JojJL. 4_j__ 
______ L___|j_l_I L__j_3 j__Lj l_-_ -O total = 4 x 10" 26 cm 2 j_> ,■>_■-.._. 

_>->j «'11 11 1,1 j-___U lj__ 4 <i_i4 _j! L_JjJ 4_5tx_j -- iri"jj . 10 CITl (_Jlj_- /i jUa 
(j_ajj__ p 1,1 "tl 4ji.iilLi (___L1_JI _)___JI _JJ_ _,_ LjjJ- 4_i>.jj_»_]1 (___s _JL__>.VI 
._)j_J_j_jj - (jj_J_j_ij .(jj_J_j_ij - ,jj_u J fl i .ii (__-! 4_-jl 1 ^1 "U -rljjVl (j_a 


oliJli-JlsS 


l-iLjjjj-aJI _r* --"Uj-^^-uJI _)_) j_-jj) L_>jjj_j i_Lu__a _ij_i_-j_u - _ij_i_-j_u 

l__J (jj_L) __-JI j-jl i__LlU__ (j_a j-i-T |<____s i_JL_* .(i t<i"> < i_.Ujj_,j_i_Jlj 

(-.jjlrt oll 4±>--) 4jj__u_« __15L_> Jl__. 4__.j_*__a Sjj.r» ) j_i___l ,___ j « " . .1 n «J__L- 
_fj_i.| ____ij_____i_a «__>L__a L__ut _JLi_kj .oLjjjj-jJIj i_j|_Jj___jy I j-_L___> Jj_a 
.^_L__uJI 3_L_u jl jLa (j_a ~-jl___!l «___■ __!l Jju I <ij'q Jjju i__j__i . ljui_S j_i__»l 

jLi I j)U_ . Ijl». 4_jL_ IjIj^" _>_-ail Sjj «II __-\l.->-,ll __>L_.___II _______ (jl 

(j_- l_>.jj N(N+l)/2 j_>.jj 4_L_ _________ __Uj ,„ ->■ (j__ Lcj_ N _JL__ 

>L___ :300 (j__ I j-u." juuj V N (jl jL__-L Ijl». j-u_" _j_c j__j .joL___JI --Ijjl 

_UJU_!I J-»-JJ _)f (j--4J 3 * ^ ,-",11 ___4J___>JI (jjs J__lj -jj (_gS/ 4 luiilL il_i!_ ,j_- 

(o-M _,__- I i«lf j_- __Ij) _jj_- jjju jj_*JI -l-jjj i5__-sL-_>l JcL__!l -_,lj__ (j_i 
__La_l ■<->") <___L>JI (_>jL__JI LtLiil 3 . iuitL 4jL_) I j. ->j .j__L___JI 4_.L_> S.Lj «_« 

I "1 ,"," IjL». 4____L___a __■_.__> ____ 3.1 j -_jjl ia-jil 4 jla «II (jj-u uj-^JLh 1 •UjKLh' 
j_ LSLU 4-__-_a La J-_ __JI ____! ___.__. Juc -., ioIj .p + p -> p + p : Ljjj 
(j_a Juj_a jj__j p + p— >:p + p + K®, p + n + 7I + : Ijll»-j Lj_u __Jls_____ 
:_njjx. __uV JL__-1 _____ (jjS^ 4JL.JI ___aLt_JI 

p + p-»p + p + 7t 0 + 7t°,p + p + 7i; + + 7>~,p + n + 7t°+ 7i + , n + n + 7i + + 7i + 

_)U_i___ r JI ^y. jLjjilj JujJLI _L__I (j__«j __icij __Lci l_iL__L_> j-icj 

j__bVl Cj}LcL__JI ____• j_a _>__)___> ^j-JI >_j>Lc___JI __9 (__Ljj_LiJ1 _j-*_a _>-jJj) 

JcL__ __lj_S j-».j_ l-M-»-«II __a L_JL__ __>.__il <__j l__bLL__I1 ______? _uc . _____ 

iK L_)Ljjj_aj ii__Lj_uj ii_jLjj-_j_ij L__jJLi_-)j i_j1_4j__>JI __,_<_» _r-C _?>_->>- 

(j_ijJ 3 jij _r— — ° iJ— 'L__ _jl (ji I i/ijj j 1 "< r I i3j__jJI _j_- __ll 4__L__J . L_bj_j__j 
.4_>ul_JI oLi-is-J «uaLkJlj -jjljJI oL_jjj_JLj 


.SjlsSJI^ISjiJlo» 


jj* £jl—jj| Jj»— -II OJ^-i >-&lj)k II (>a J5L__JI frlj--JI Iju- 4 fl -Uj ___■ 
j-ajHlj CjI o i ii iill <_J_j (_---. j-x_j_JI »4_oL_. (jU-jlj -oLoj (j_- i__se_JI 
(l->U j1i<ij ) 4jjU_-jj 4 j ,,-ij V mi"i (jj_-> (jl i i i J ___tl __UL_JI __i3 4___L>Jl 
__1_- -_UL_>_VI «juk <__> ^jUr r J-__i ijo. jl__j .^l___.Vl ^J-JI ,j-- 
. 4___al_j i— _j__ jJI j — '■ 1 1 

U_J . J1~_JI jjfc .L}la "•j.",,,!,! Ijui .CjI njin-».1l 4Uii- _;jJI j___1 j_sVl 

<_v«j-i ___ 4_^t ajb l_u_i (j>u_*__ _i) j_-_ui 4_iU__ ji-n-j .Jj_ji 

lifetime «j_«__» j!) , U , „j -, _ j o V i J1____J (J __L__JI Jl o '< --VI j j i "_j 

. j __L___J| __>L_L__J i^L__OJI _,_, j .-,,„1,1 ^u- -it J __UI jj-j ( -U. ... ,-,n 

JoUjI juvj_ U_j_-j .j^t J1___JI JL__-I (jL- Ul_ j____?j___JI _,l_ U___. 

branching I 6 <-j__j -_j___U __Ij__JI j j j »1 <j_Uj ______ (5 oU'.i) 

_j__L_ ^ j.q- v a_j__j L$jL _>■_•->. J__-j j»U__ _;V ^jj-jJI 4j__j __>jj_i .ratios 
. 4___UJI "L_J1 _ll_ JjjJo (___!! JU_JI 

.4-_L_JI <l n ii U_j_>- _jJl_*_« 5 ... «1 7,1,1 J__t_JI i_jlj_3 (j-a £__J,1 _JL_JI 
4_L-_ _jljL_-__-,V 4__U_ j__t_ 5j tt j_i__ J____M _jl qj,„-kJI _,V I jj_jj 
j_5ej ,____ i <ii"i<~) <j---?l (jj< ,,i _-L_Uo (j_a 4_d~_." Uj . L^jLa .( E = ITIC^ ) 

J^jj-. ___-. .___-Vl __l oj,„-^tl J___ U_« j__"l L_J 4___j___« __lj_a <__»._j__ 
J_U-Vl _-lj__-c (1870 MeV -___£) _,j~- ,1,1,1 D <jjj jnll j_>.jj .Jl__J 

J__-jj V -^j i ,-11 J_U_Vl _y» JJj__JI __!. -__,L__,)/Lj .(jJj-J-ai 4 jllnr - H 

:(___, 3jj-wj jj_£ (JL>J 5U_ m;j__. (140 MeV 1 ,'!'<) 4jj_«__UI ■jj,-" 

_$j i i r-i II J l-»ltl JoUajl (jl (__J| 2jl — iVI j 1>| . jjjjjjjj + (jjJ_a < — U$i? 


.^1 i_JI-S 


o^Al\ uj^JI cLL-^ . .JLill J_h-_ . J>U_yi .>_ L*J 4_j_j__i V 

<l j i ii n j-ujjjjjj (jjj_j_J1 (__JI I ,t->jj J1t"j Jj uUS -I -jLcl Sjj-ijJtl 4_3jjJ_JL 
Sj-LJI 4 jU«1 l -juk <--l m."<I ^Jl Jl_j . Ljj-Sj 10"^ j-Lj IjL» «jljl iV> -j__j 
Jla-JI <_jjLcL_i jl .4<ij« i>>11 L_K_L_JL u <i i nj U __-_$_ 4j - i") (__fl I nja IjjJ 
4jajjUI L^jjJu _>_J i -._-__> _'l Sjjj ___ Lu_9,j _)j__ La LJLc Sj-LJI -.-L___Jlj 
(jC I"|T itl 4j__>ljj-J 4 "l)i i -«tl L-l jiii"i11 -r <l i n" j . I iij t - LjjJj_>o Ljl_nj Jj_u 
.Sjuclj 4joj_- ___'_>. __9 10 '^ __JI J_-_i Ljj £j-u i,i m'i l_I- Sjjlj _jl___>. 

__>jj___ 3j__ (jja 4_Jl_JI i_j_3__J1 <_j| j 4— jJl>J1 l_jLx_uj_>J1 Lj jL-tJui jj_-_u 
!(jjj___jj| (jj-SJI (>o _-Lj1i_J__JI J-ljij i_J_iLij_jj_-JI j->-1jl _-3 j^Jji--_ Sjjlj 

<"m ->- (jj- I_j_jjL__I (jjd jJl__>1 4_JL>JI _ j_'_'I . (j jj_ jd£vj__J I j_> 3j_g__> l_g--__cl 
: U-l_ ojI_ (-_.L-wVl ,UUUI ji -! . hj S." jaT L^l UZ t aj_U_JI j) j«__JI 

(3--—JJJ) • 4_JLc _____-, (_JI 4j j.t <"i - <_jl oj< ,. -w J.j-r«"t 4jjjjj£ <_jVL-_j- -., > V"i i ,"i 

.4Uj jitl j_l__ j_-_lj j^-_-j linear accelerators 4jU^tl __>L-__ai 
JL__-__- > j nj (3 o jh-tl Lawrence oj-jjjJ Sj___) «LjjjIjJI __VVI <__.j 

<_jl j-J-JU -r - i nj <.",J tj lSj-Lj jljL- (__J JJJ-J JJ^Jl-J <1 J l II ~J1 _, m jUI ii. - 

,___ LJL». _j___jJ1 >L_ (jj- cjI < j n- o ,i i "i .(_-jj_j}£ JL_-_- JjL_- Sjjjlc 

4 1 ii"i 1 11 - Sjj ini I 0 ' -I, it"ii.iI _> £ «j >~<j-~_j <__>Ojj_i j-ej (___- OjL-e_JLl l-Lj-jj 

. I j_w iUllc olSLto t-JI 4,^<iVi- <_j_3_o (jjo l-I-j.ii-JI __cjL__ L-I_ -_.-_JLj 
4_aj_»J -r <i uij <fixed target c .iU l_jjl-JI __l_ l_L__UL u <i , ,.j U j'<- 

(jSLaj .!__* 4j_ H J.I .1j_>. 4_Jl__JI l_L_L1_JI l_I_ ol iU.lt 3 , „,;1Lj . JjL_ ji 


-Sjl^-JI ^| - j-JI o» 


fU (j_aj i\\ \ fl i'<-, t i j-« l_3JljjJI Cjljj L_iLjj_La J-lijJ (__xll (JJ--JI JLaJ-J 

__Ljjjjj-i (__lc (_£j_i_>_i 4j_i n-_ 4jl_> i_ajL^JI jLlcl - SjljJlc (^Ij-c _* - (j--4J 
3nM ^jLuaj 4j_L>. (j-"L_3 (jm--l La 1jL_ . 4 I n"i , n a __^j_>___JIj -jUjLpj-jjj 
LijJJjJ l-__Ij}JI pjiii-^JI jlS" I jj La _UJ_><j Lajj-C (jl£_«yLi (jj_u .«UalS 4j>jJU 

«L_iL_a_L____.l)> ,<__.Li 4__ajj__!l __V_I (____! ,___i ,ljj! > ___Jl jl Lijj-ij—ij jf 
^yic i___L_ 3___lj 5_aj__ (j_« '.'jlj l( j______i_L9 (j_a_j__ Jj-*_j (<uj .colliders 

3jj ini I o (j j'iK jl (j-_L-aj_>JI ,__?___>-] j>l t V "i miI (j-_4J -_Jj-i . 4_>-lj_« ^_L__j 

. u . \l t 5 1 . .. 1 1 L__^__Jj_| I ^ ^ t i^_jL__J,Ij l__±_JLI ■ _ i j ll : (jL__jL__j__l I 
!______. jLa .m 4____JI ,___LiL__i_- (jjo_i ..i->. j»_L___ -JL- j i 'i r I . ju,i "tlj 

J «« U 4_»L_> E (j-_- . OjLHdj jh 1 ~ Ujj-^-'! j»jLua_ jf (jjjjj-i JuJ__3 - (jjjjj-i 
^yj .^, ,„ -»11 4_aj_>J .(jj___JI 4____, JljIj 4_j__j__kJI 4____JI ,4_JL«_>.)M 

cr " j ■ " > _r?j head on l_s_>.lj_- j-jL__-JI (jj_j 4_La.jj.o_; II j-jl .nil --^j: 

(jj__i __Jjjj . (j__o_> L__L_ (j-_*L>»j| (__-J (j-ijjl i ii ' a __j_>_i (___j___j (j-5j_»_L_ 
:j__ 4_>UaJI (__--__ (jj-OJ lj____ 4j£iL__J1 l_Jj_*_JI 4j-_> 

W C = 2E 

^L___ .collider ^jL____ ^ J^L__J l_Jf (_JI C (-LJjJI <-_j->JI j-j-A; 

La (_£l i_4-j___i __L_L__ (__fl L*_«___a (jj-J I ^ ir» « I j .4_bL__JI ,>jj_ JcL__J1 Jjljj 
Ji_JJ . JcL__J1 jjljj 4_-j_a_ 4_«j}UI 4_i£j_>JI 4__U_JI ,___ Ji-JLi l_a (_Jc Jjjj 
.j ii ir-ill Ljjl iii a . JcLijJI JjljJ J£ (____ L-sL-tl ^j_«_»J.I -l_!j_-_JI 4-j__> ___)___ 
(<ij in->. j-a E 4__-l_- lJ-JI iii 7.II 4_aj_>. j-jL__jj ii'i i"iU i_3JljjJI 4_ij_>j_ (___j 

.E + m c~ ja (_,!< »U jLL>yi t-a 4__I__JI ______> (jj_j Ij-^jj .(j_"__JI -ij-^JI 


4__L_JI (j-C J____> _l i , mliU (j_ (jj)_j ^--1 ir-il,l 4JL__ j-a -jjLiU (j_>lj__.Vj 

Jt -Jj___J j_oVI I_a . r j>L__il -J__JI j_jJ. _:_L__VI jL_VI <ys Sj^jJLI 
jL_VI _Ui ___ jj^jJJ j__IjJI _, < a "j _|V <lcj__j ^j i ii -».11 4_aj_>. tf_»ol 

jlj__,l ___ 4jj1 i n " a _1j_sj _)Li_j_ l_gj ___JI 4_a_l in"il,l — il njm -vJI 4jjj (jjs 

4__,L>J LoLu L$jL__s j-_L___JI jjjj -h<ll j\_j_a jUol ___ . «Lu- 1 ! _,_■ - ■ ■■<! «~ - j 

.3jj)___JI ____ jLL>VI I JL* __9 4_U_JI (___Lu9 ~-l"i" i »1 Jjjmjj) ij»_Lu__ 

Wpj,- / 2 mc 2 ( E + mc 2 ) 
-__I_>J SjJoLUI 4l__l j_j_a -__U_ ,__ » j_* j! <_JI (_LJjJI j_- jJI j_;-_u 

La (__1 .__L_JU jU-VI _-3 E 4_L_5 Ij L^j-. i_3jj__U _)j)_j >-,"i"ia i__Ju_ j-_L__j 
. E 4_U_JI j_lc_>. -__=. W c _va j___ I Wp_, (jl j_k L_> 4____->L_ (_i-il| 

(jj)__ -__-____ -jj)_--J . E » HIC" _|L_ I jl Ij j"-< j_i___l 4__j-__>JI (__3 ___j) 
jU-1 <_9 E + mC 2 4_3__JI _-a j_i__f 4__II j_£j__ jU_! Wpj, 2U_U_JI 
LaLj *_--JI _>--U 4 iil~i<ll j— >j-oj (jL-dl ljL_l JjSLj iJjLiU ___j) .J---II 
___) __-_3 4___JI j— j— a 4_)U_ _)l j)_k j-^il j_a ^-Mj) .j-_l____U 4_±j-_j_J 4 i millj 

._)j)___ 3J_< jljJj)-J LL_ 4_-L_l 

_)_>J 54_>.|j)JU j-_L__Jlj i-.mU _-_JL$JI j--l irti _ru i_3>Ll_wVI lj_* l_U 
i_3__$JI 4-lj_j_ (___ ._Ij__JI 4___ - 4_L_JI (*L_j) _____ lj_i_ (_9 <-_il J_»JI 

4jj Jj ij___3 4_>j_- 4-)U_ jlj-al _J__ J___L_JI _3j)Jt iiU 4_a-£_ j______3 _' C-jjJU 

__9 4-oj) ii t a _j)-J (jl i , , t-j i_Jj_3_-_JI 4 j a< (j^-Ij .i_-j_-sj 4 j o<. L___j| i ,1-a-j 
. _j_>JI 4_»U_ (J-i-J j«J _v»J ' l()liii" (jt J_^Lfl_JI _jljj lt -0 ij^ 3 '--^J • j»_L__JI 
,___ 1 gia _L_u _ 4jl u 'itn\ 4«_;J_l_ j_li__j» (-_<j_>JI 3__U_ (_gl) 5j_j__.VI ujukj) 


iSjljiJI^ISjiJlo» 


___■___• .JjLoU ___ .oIojmi^ (■-.< JlJj_J 4_«j}LII (jj<inll 4_)l__ j_->j)- 

4_J_JI 4__Lt_JI _)L_i 1_v$Jj ilj.ii,-> _?J)L_j '^■'^' -_La_l mi ___■ __j___JI 4-j.»_' 

(__l _______.!) jlJjJU fu _y»j .4J___1I j-<j-« ^ £L»J->L! 4__l___- W c 

:yr Jl_JI JcL__J1 j___il .__J_ ,cil,i,.„-w 

p + p->p + p + X 

4__Li_JI jl J n - La .111 (jjjjj-iJI SJjJi ,j__J .M 4 'I' < pj , n -w X __u_>. 

energy 4____ _jaL~ _JI J_-u _--J 4_«_L____U ■ -■> j... r it UjIjl-I VJ it-ti 
s ; _■<,-■ ___. a___i -Ijj-M (j_« ujjjut 1 J< ^J-^Li-JI lj__ threshold 

(_J_i_j_9 _)l I jl-v j ghj . K_ j_~jJL I flj II j j 1*1 ) i__j)__i 4_j__j_>. 4__>L_> j»_L__JLI 

5JL- (> J_.L__JI gjl^i jjl_ .K c = Mc 2 /2 _>__. S__j_»J| 4li__> threshold 

_)jpj>j_J1 4_>j_>. 4__Li- (^__> Kpp (j! j_l_cI .i___L_J| 4__L_JI _dJj JLic. i__L__ 

_jt (j_a ,3__*__II J^ iiij .1-. *i'iU i__j_4JI -_j_a_j_J 5 1 1,1 ;IL _;j_lU jlLc iU^I inll 

:___» (ji'i M<j_JI __2 ^j i n r II 4_sj__ 4_>j_- ______> 4 ; i iM 

Kj^ / K c = M/m + 4 

_,__ Ijl lj_ji_.__J_ <j_- j-lSi u_9__H) '4 (j-c Ij_-.i J__ V 5 i ,1,1 _____ 

4_U. j_;_<i X ^j ,11 _)jj___Ji -____ ____<: l_j .__Jj __L_. *t_j« .M » m 

.Ljj__ 50 GeV j^_o (..L-all _$jll- _jL_ .(jjjjj-JJ _)j___JI -____> _,_« ______ 

! 5000 GeV ,_!,_*>. -_J_U ___u__jl ^jl^j 
i4___JI Sj^ _-Uj ,,,-_ __)_____'_ (____.? a__IU- ,„l __L_L___aJ (jLs Ij^ 

jl j- r l -j--»-4jj -Uj 4___>L_-J1 ULIj__ L«J -_ajL^JI __lj oWl (j_J 

1 Miij i__j__j ij»_L__a ___ j)l < ~ < i~ a . °i, t fr 3_1T __3 *lj__ .(j-U-o J--L_J (Jj- 1 _jJ_J,l 

j_Lj .___»_« ^L____ -__LL_J 4_l___JLj3 .4_>_.L_JI __L*_l___»JI 4_?j__ __L_L_J < ^jt. 


,l_Jl l __l 9 S 


^-,1 -r" in*) Lo jJ_aJJ .i~m"iU (__-_gJI 4jL>. <__ <---i I a j «I Laj)_j__ ' ^jt-tl _JJj 
LgjL-LL- JUC. J_a_i <jj— J J-"-^? '^Jjj- -_Lj-_L__. <t<-+\ iJJt J_.L_JI ~-ljj 
OU j.m-kII >M t 111 (_LIj ■('. i'iU __JL$JI .-.Lj<j".l _;j_-i "j_L~ _JL_. .<_1c.-'I 

lj_i__ j_i£i 4_-l_U ^jL____I jrljj^ "w_L__ < rt".< 1,1 __a_x^JI ___> _>--=-_ 4-_jj_LU 

— j| aj. n-»jl "_-__> _)l _-l*J I j— - .4^>.lj»a 4_La (_Jj__u J-—T J-L—ui (_3 — jj_—j La_» 
_)J— J ^«J (j-aj i JjI j 1 nll j! J_aljj»JI ___ \ _ i o 1j->- Ij j'l j 1 1 s> I _r__Lt__J1 (___ 
AIa lj."'< _-_—? 4_aLc 3jj__j C./iU __JL$J1 _j - I __9 _jjL>J1 _-Vj__a <_)L_w».J 

"_-Lc. 3j>-_j c_j_1I -__>_x__Jt _j_I __3 (_jj_»JI __Vj__- (_JLv>.J .__L»jL__U _,_■ 

__jj_Jj_> ^Lt-ii jjjj ( JL-JLl J j , 111 _____ .__L_ajL___U (__3 4_L- Ij j"i< ______? 

JJI __j___- <jj^jj___^__JI) AGS . (l ___L_^__ i> j, ) J-*___* (.3 30 GeV 
J£ *.____. 3__L_ (_jLj>Jjj_) 5j__ (Alternating Gradienl Synchrotron 

- (jj_jjjj 4 t Mi! jjjj (((_!_' (__aj_t_> _)jjjL_aj» ___j . J_L>. (__Ju_ __L- 4_u_ 

. 4jjI_ J£ .jU_ J_! ji ("__l_- _,j_L> (_Jlj_- 900 GeV La_a-_ _L__a _,j_; j_, 

_j_Cj___a __9 Jj- t"U 4__L_J,I 4_>jt .1.11 C-l 0 j mi-v.1I ^ljJl ___ l__ 

$4_U_J1 4jI__ 

0__aj (-111 3jlj_-jJI (__ __lj_JI (--J1 _j_j_jj_JIj _j_jj___J?! 

4jjj Sjjji ,L _>_.1j_C.V .___j .4__jj_tJ.I ^ljj-"l _jL__o (jrjj <j_a L-jj tJ_jJI 
_)j_j .—JJj <__ *!_-> (Jj__JI 4_4->- . 4_ulj__a i__LLj_> L-jl 1" r I <j-_JJ 4_.j m a 
J-j ~ t"i 4 jlar _;! (j_a (_Ij VI J_-.1j__U L$j_ j-j__JI _>_4J ,--11 j»j->JI J_ljji 
_>__aJJ .4__.3__._a 4jjj 4jj_jij __Ljj_jj_)j __Ljj___JI (j_a ijjSLa 4 t m .I (___ 
4^_1joLjj_j_^Ij_jLjjjj_JIj_jLjj__J)?I ,4 rtKU __lj_.Vl _jI_j_J. 
VI a-y-l Ij-* (°iU --JL^JI __- j»_L__ ^ljjL- I JU_j _)! .4jjjJI 

— _)Jj__JI .(jjj__JJ — (jjj___J : ^ljj- 1 ! ___ilj__i (j_a 4--i j-ala 4 1j< mm i — ^ n i nj 


tijlsUl^jSjiJIO* 


. I j£L*j (^j-J-jjj _ OJH_^>_j ' UJJJLh 1 _ UJLH>-j 'OjAiLh 1 - UJJJLh 1 ' UjAiLh 1 

£jjjVI (j_0 _-jl fl_j I (jil liil (j^ <l_l 4-_Lj_ (_-L- -JjL- . I ■ j <1 l_"l. |L_Q jCJ U_Sj 

^-S i.Jti (jt 4__L_JI 4_jJL_- 4_Jjf __L_a_L__j ___ _.!--" ,,m <___ll _;__-_- Vl 

Lusul __J_ _>-__«JJ i4_j__L_' 4__wjju Jjj__ L_______ _)!__ Ijl 4jjj_i __La_L__j 

_______! ( -, t ~,l\ _j__i_gjl i_jjL_t_J j_a(__j -__uj___JI «j-$j . I _JIVi -ljI jil 4 i milLj 

__Ljj_jj -_Lx_-a _j_jj_jjjjj --jUjjJujjjj __L_jjjjujjjJ __1_jjj_S _j_a 4jjj_j 
____ . SJjL-loj 4jj_*___o __l < lj ' "> (j-o _?J--f _l>"lj _-Lju_aj K- __Ujj_i_-j 

L^jl_kjjjjjjjj _-ic UJJJLH — J-__H>_-^ '"'"' '"'" L r J J^-?- 1 J "** "** ' '(JLjJLI (J j i 1 1, 

4j_l_il l__l__»-l l__j__ Jt_C l_ ■■■-'''' __Lj_oJI __jjj l(jj_jJI -_!^U_>U (j-5 3j--VJ 

oLx_u_-»JI __--. _)__«J j-l.l Viinl (j--9J -_J__- .4_>l__JI 4_iJ__ 4_ujjjju ______L 

__, « _■ _ _J_ _U~.tl tiJJjJ 4 i milUj .j-_l ir-lU ^-3 (j-ll ■ ,"11 JL_-I (jj_— J 4jjjL_!l 

____ LJL- __L_L±jJ__JI _ ju_ J__o j__a__j __LLI____ ,____.j ,4_j •» ni aj j a .11 
"L__L_il 4____Vl 5 «iM "-t _jL_L__!__ _j_j"jj_JI _jIjljJ__-j Cj_Jj-_j;j_JI 
(jjjjjjjlj _)JJJjuJI _-La_L___a _j_- Ij__j LoJLbC , JL-Jtl Jji i n (_-_C __L_Lx__cJJ 
_>_ I _ tj ii >J ^«_J SjLuail — jLjjjjj_JI _ii_ (jl i__j_*_ __j__ _J_L_ _L__il 
i L__ul JjJ.L . i a t 4, . & __L C (_-JJJJj-J _^L»_j_ ^1 U"jl _j__ _jL!I U — tl 
— JjLill j»U__>JI (jja L^Ljjjjjjj _-ic U JLH-j>P L? UJLH^-^' _-La_L___a J____>u 
. JuaL>. _______ (____ ____L_ __jjj__JI ^Lt-i 4____l jj 

__oj_i__ :_______ lj>L*__ >->L_o 3 < i n" LJL- |JL_JI (__ j-3-jj 

____jjj (i rt. i i> ) OJ-ir^ ' ~- "'H l_iLVjJI ____ (j_3L^_jj-i ,Jjjjj_ t jjj__l___ 
*Ljj_j_i , I _ < a j i_)LiLJLj Lj__j i n" (__3 _lL_> ,4_tJj_iJI Ljjjl ___> (—jju_ aL_) 
. L__jjj i ( l inj MnijSjj (___ j->_JJ >_jt aj '.(j_i_JL (j^Su (___ 4jJL_II «I Ull 


.liJli-dl^S 


1( <JL*JI __3 4__L_> <_---'- -jI « j m-w J-y * * ^ ct^j-J^ uJ>-L-jj >^»J 

^.LkL J*_jj 900 GeV ^l _jl___ll _j_j_jj_JIj oLj_jj_JI J_t_«j __x^ 
__J_JL> <___ 4 !-,<: II j__j_« 4__L_> Jj_1 ^Li-ill ___ .r.jill ^jl^I j f jL__Jtl 
J_i <J^SLIt j<j_« 4_U_ (jli <__L_I £jj__JI ^ L.1 . 2 x 900 = 1800 GeV 
__a 4« j4 4jjj_ 4___,i jJjS i.-.iiU __ji$JI 4_jL_c _,<J i40 GeV _-Jlj_- <lj-y- 

4\^jjjj-j 4_«j_~ (j__?) i____l ._Jj_-? >r1jjlj — jLjj aj i_)Lj_ijj oL_j_Jj_tj_u 

jL^». __a _Ujj .AGS _>_L4_jj-i __*—-« __a 3jj_«.j„ ,«J__I <__ 4_L_JI 4_JL_ 
i_jj i__j__ l_ijj__ ! 30 GeV l_$__L_> -uljjjjjj _,Utj <-ijill __jl$JI £jj _>« 
.RHIC __ij)j_l !»jL__J.I Jji mm _>^L^_jjj ,____ 

,4___ (_____Li _)J>Jjjj-Jlj jjl^—^J^LI LajL__a LEP (j>J_- J~_— « j i'i < J 
__Jlj_- _>l < iii J_ 4__>L_ j-L_J . Ij__«jli_ 26 I /jUj ■> a j_Lj 4jjj|j 3J| j_fcj 

i jljj __j__, (j^jj-i-JI j jl_-IjJI _y__l (>« JjVl j-__JI ___l j? (__ . 90 GeV 
i7 TeV |_gjL_U_ 4___,L 5___>JI _Uj J__Ij _)j_jjj - jjjjj-i ,-jL__U JjJL__ 

_ _J_b j-4_- L___ I _)j j ■ ■■ J___ )(jjj_L_j-JI 4__L_ ______ I 4 ■ i i it __Jlj_*- _£| 

. 440 GeV -jLjjjjj ^n.n __ala 

- _)jj___ll j-jL__»_a _>_ 3jl___ (jjj__iLi__) SLAC ___ SLC jL4_>JI 
JjL_ j j «-II __1_ Ji^ j__)j .45 GeV -________? _jL_>L_ ujj-ijjjj 

_j-a i_;j_>.'-l _jL~jL__J J_) <«JL_I ___ j-x>-jj ~__L__I <__JL_ (_-L_- f jL__« 
.j__Tl 4_J___ i__'_'T jj4-_ ^j-aj I-jjIj u^L) ji _>-_»jj i(_5j_IjJI _j_JI 

32 GeV) (jLLJI ___ J« t't _;>_-i (jjj-ujjj - _)jj___l __LajL___a _JLi_ 
.(0.7 Gev) Ll__jjj (2 GeV) _r-__Jlj ( 5 GeV ) J^jjj-j (__L__i J_J 

i4___- — jLsej- I (j «j« i<Vi joj 4_i_L__l (jj>jjjjJ — OJLH^! — jLajl ina _JL_k 
f jLi__ll j 1 ~i «JJ . Jjjjj-ij Jjj—ojI '1 1 11J 1—JJ--J 1 11- (__-_ cl i_j^/I J_ i_3 _-— J 


.<*JUJI Je. ^ J-^-jJI DESY Js, HERA ^jjjj-JI ^jjJ&J>N 
800 GeV j 30 GeV oUjjjj-JIj oLjjjSjyi ^L^, L£Uo jJjj Jlu*. 

• ^IjjJI^ 

^ljj! jujljlII lJL-jjJs .i i ii i « uJjjjJI uj- 3 u?j "' U J^- SL^JI <jl 

'I N l_j}Lc.Lj fjj*' < > j«Jclc.I JLujLlu Lj-Lu lJLLaj . 4_olliJ.I .-il ^ . .. 11 
.j-ji-t oVL=« j± , ( J*JI ^ JUJLI Ijl* ^ oj^jLJ^ 1 -SJi-*-.! JJ^JIj 

<— flj <*" II ^«j Jj3j t~>j_J.L/a «JjJj i n <t <(4joLuj)) jj-*-j 3jjj i *->. i (j j 1 ^ "■ ■* 1 

LJLc. . 4iil"iV a uJj^*-' ^jL<UJ ^MjLcu ^Jj-. gjLtlllj l*jUL±JI JjL>. (j-a J^iJL 

cjLjJjLiJJI ^jj-ojI -*jI o j .m-*,H («JLc ^J. 0 jji->.LJI u^-H-iH-^' o- 1 ----'*""- 1 I-* 
LjjaLIo 4_aL*JI l-jMjLjJI dllj ^ ijjt mn .a.j .Ull (jruljii ^js symmetries 

1 n ..i>U 4 ;<lj .l.t j (jl rt« J__j|jJI ^L-cj-JI IjlA .5 lii a SjU-*- 1 «4_j^jlU»j 
(_y> 4_i___LLa 4-lj_>. I i r-ij I J>j l"i 1 11 ) Lv)lj 1 1 *j|->r a \ ji.dLjj VL->. iUn'-*. i . I U" j V 

•^' C-SW o-^^ 1 (^ 1 ^-SL-J ^Lj^LJI 
(jj> l(J _-__UI (j* ^jjijll ,__JI JjL»jJI ^jLJ. a jihj^jJI l*jL___JI i_;jl>.I (jjIj 

-LsU-JI (<-!->") 'Un-w (jy'j-* (>* ljJJ->^J i(^j}LJ.I j____c. -___,L-JI jjjUI *ljj_j_' 
(jl .tij JuaVl j j .,-» «I j_cj lJLlA (jLS" -U>j'>" '--Jj ~*-"'H 5 j»£j lJj -»-"<ll 4 j-a-Sj 
(j^l Lal .L_JJj Juu ^.JlMjJ Jlj 4jSJj .Li-iJ Jl_-_i l-jLIjlj ^Js 4__>L__JI .U.1 ->. 

LgJI jUillj .4j}L_JI *L-LJI dnjlji 4-»___. j-J--u .<_-*• jJI Jc- JjJj (j! -^jj M-a 

JjLoj uJjLi-o (jjs 4 mjj-C 4-C j n -r « j i n <i" L^jI jjJo^j 4 ir j •» ir-» 4_3jjiiaJ 
a . j ,U1I ^juljjj (jU (_, i ii i j».j (jii « lJLlA 4 «1 Ull . U ^ 1 3 . . ..;\\ , *a :jLSLajJI 


j___L>JIj ____-U.I ___ !j_JJ __li jj_j) _>ajJI __« j j * " V 4__j_i 2 _, ...1 
(___.lj__il J-3jII _-- j-u-i __J_*J _* i_Jj t*U 4„j «- .UA-.1 «I _i i.i'<ILjj ' ( J • ~> * - 1 1 j 

liujjtj V _;jljJI _J j___JI 4j«< .Ua-j 4 i i.iilLij .(_JL__j L__ !-ull __l i j-bj) 

4J j__l Jjj__a (___J La J_u_- ____ !j-J.I _>___ JJ_j) jLmjiVI J_>_La _)L>-9 J f - > -*~ i 
4 i« i>»*iU JjL_»_JI _"_Lj_a __2 ,--iLjJjI <_JLi_> _>-uJ L--j! .(_____*_a ,__jljj_ <>L>_I 
(jl 5jj ini i 1 1 tnTij (__jljjjdl j j <"^UI Ji-Jj __-tl i4___,l_>JI ij_j___J| __3 

. <^ijj____JI CjLL-Llll (^j-o -_ _-£ J_L_J1 _>-——> 4-j_i_-L--Vl 4-_j-— _JI _r_ilj__J (jj--i 
cLjj_j__ ___ I j ajj L_-L>_ _j_L_-_ 4___>L>JI 3 j _ ■■■'■11 I <j")l <i ij < _rulj__ _)lj 

__l _ IU~ « ^iri" i(J-_c! l-jJ-m _»j""" ' ct^j .4_JL_JI 4__L__II <__li __l «j iii -»JI 

.4-i_jlj_JI JLjJI __L)j___J 4i<.aU 4_j_JI J3_- L*__*_a IjLUI i.aLiJI 4j,,„i1l 

invariance j_j__j V - 5jj_T_J.I <__j_LajJ1 J_L___JI _?_Lj-~ __JJ 4_jL__VL) 
-_Vl___jVI .(j__'_ __iij .>) 4_u_jJI _^___jV| __,jj__ _____ 4,j,UII (j^jl^. 

_dL__ - (jJ-V ^jj---^ jli-l _>~) j-jjjJ __>Ljj_»J; .(j-i-^ _Sj-> _>-) 4_;jl__U 
_>!*__. j_a _>!_>-__ LjSLJ U^j 5',l.-, ,,.VI ____; _,<j..AK U^i-a! _)lj_-T _)Uj-a 

jo__ ( _j__j parity invariance 4jj_JI j-u_i V U_- :ii>«--J.I ^lj-JI <«JL__ 
i j<j ■ ..N < _ -~ JjVl !jl_JLI . time reversal invariance _>~jJI _>-___jl 
_____>! 3JLI J_J _-j^M (J..-C Jl __»jj__> _____ -l_j j ^'1 (jrulj-a j j <" ^-jlc. j j <L-j 

^jljJI __ j____JI 4_j-9_- j! J___- .r— >-r,p— >-p<_J j____Jl __Lj-«__j 

JLi___: ,3jl___VI ulj-j-i- p jr l j_-:>L_'_,VL = rxp i-ol. J-__j ^jIjJLI 

(jjsjJI ____ J-__1_j - ^j-Jj-c J-^- (> ^Jj-=tJJ I aj (j! _>->j_-)l :(___-l__^_- 

(jLa _>_____ .i-j-aJJ (j_j_J 4JjL*_. _,_>__- L_ J». r (t) (j! (j_>j-_-lj . V (r) 

,3___t__JI ,<u) j_i.| 'iL-- (jj_-J _)Lj Jj_--_ .4__3j___j 4_J j-aj-j (_;_JI .t-J^I 

. p (t) = md r I dt = - p (t) (jj-SL, ^ (>»j . r^ (t) = - r (t) :(<___ 

_) n<r j-_ j_- -"l jl 1 110II -!_»___ La jL-J. -- 0 . .1" (_-jJI 4jjL_J,l _)___) _)l _-_*J l__- 


_s ji___i _j[ Sjiji __, 


4_jj__jil _j_0_>JI JL_J ._Jj -~"i1I 4_l___j £__-jil ^i^ia (j-_a J£ 5jL__J 
j-J—, J_j_L_j (____ujj l-L-ua j-g-i ij-"jil (j-lSoul j j«"i j-J, f Lal . «bjuJI 5j j « "i a V 
_)l (_-C ilJj_~_JI 4 j-i<j (jjsjJI ~jL_iJ j_uu L_3jji_ i~i-»m 4 «JjU II (j_il j_ J-_— ~ 

.^jji ____ . o- .j _ J_^>JI oT «> >-9l • i ^>y& JL-__" • lill _-_-jil Jli" 
(j>-j r (t) = r (-t) (jt-J- _p__i_ "J-L-i >L_- r (t) _,__. lij ._JJ_ <>_ .Li. 
(___JI _j-^-_U o-jjhh -LJ_L___- V (0 = - P (0 uj-_ c-I-JLij <----' L___i 

_>-l i " ^l j<u JL_J . (j_ejjl u_l-> * il j J «') j-J-— IJ-J. -r" (jnaJJI J-a _> _ « " _ 

.»>L_.l _4____>_!l ._uajJI ^.LSL-jlj 4j"_JJI JjLa-U (__J<.J ,„M_JI (j_--j _ „11 

.<<__JI l_Lj__J. ____Vl _jL__JI <ys (jjj^JLI ,<JL__J _>!__ _-_ 4jIL»j L_£_J 

_U"U j ."t-l .4jJl_JI j_Ju j-__J 4 jmilL .jl .4 ia .^»"1,1 ^JL_.I _L__jV 

_j jJI _)j_uJI (ji _>_j_al i_y^L_ (jj-jju _r--- _______ (jjj-J _-JL*>. _l ^r^j»--' 

j_>jj . Jl a M.ll __1J L__jI j j <~<j __jjj_JI i__Jj Jl «i inll «L>_iL i_Jj__1~ 4j i__J _ 

4_j_4_T _J_^_%__- -L>o1 _yxi_Jj ' 1 1 J "■ II 4_J_4-> -L_«_l _y-_— U 4jjjJI 4_J___. _)L) 

j-j__ (jl-_ lj__ ____ ^lJjj .c__i!l «L>_1 (_>--_-. _ L_jL_ (<_i (j_.j i_;jljJI _Jj_-__JI 

4_>j__. -I -v )l _)M^r l_J j j « " j V ____>j_«JI _U"1,I (ji 1 1 n i >i (— i_y 4jJ_JI j j «") 

L_J _,"l M I «I ij I L_)J-_>JI -L>_L| L-lj T "lj (jj_4_JI _)l _jl '.L__UI (J--Jj .(jj-J-JI 

_h-i LjSjU IjJ 4jL I inij (jljj--l Jr^»" j»-- 1 • JL--JI (j-IJ Ij-uiua (jjjjj-JI 

^_T Ljjji l_l ____j_»JI j___5il (_3 jj «"t ______ (jj_L _J 4jl_) I j_k j-p-'- I i___)jil 

lJj -- "ll,l (jj-J_JI (_JJ I j-k 1_J -J-J-J . 180° jljL_L*J l__i)lj l_Jj_*__JI 4-1--. < _v4 
(jl_3 I j___J .l_ij_j>J| __JJ j j r,n __jj_ijj-l L__J j_a (j.l 4J__J .JL__-__JI -L>JLl 
j j t" MJL _^L>JI Jj_j__il !j_J.I j-a 3_j__-__a i4jJ_JI j j «") f»J_- 4_l__5j_3 

L^j j-uij (___!! 4_Ljj__JLi Ll»j _' __!L«_>-yi ____j_JI »J__iil I mim .__.IjjjJI 

<LiL_ (<__JI l_LjK-j-a __- (j-ajJI (_...< r j_Ju j-JLC La? .-L>J-I __!J (jj3jj_JI u_J 
4__a --J-~JJ (jl ---^ J»--. J- 1 !-" _5? >^-=-l — LS_ -J-J -_jl J_» j»J4— a JJ 


.l_j|,__ls_ 


J_ _>-?«_ (j-j-ll ,_>_l___l 4 jU r __jjj_ __-_ .a + b — > C + d : jl i <" > 

L_V „L»_l jjJ_j jl SjLij __5_Vl j_J .ciUI oLkL»_lj _Jj___JI _jL__: 
_1J_ J____ jSU. _.c + d^a + b J_.L__I j_M j..'<tJ -^jJI _£_- ■ •<■■■<<- 

. i__lllj _Jj ->-"i 1 1 4_u__ __iL-L>_l (_)__>_ ul jlj_- (_r^- Lr^Oj- 3 J-^" I*-"" ^ ** "^J.' 
__jljj_JI j___j MJIj _>-jJI ^j-uLSLajLi j____L>JI (j_J_jlj_i.l (jjijudl jl_i I j< Aj 

.c + d -» a + b ja + b->c + d (j_-jU.1l j__> ___,j_j jlj___i; 

<___ t ,„ a j_«jJI _►____! j-Ju j-_-CJ 4_J_JI _gLi i a jl j_M (_Lu 
_jIj_L_JLj _, « i nj L*_tj3 j-L_J1 L__Jj_l_ f_-jJI <__-- .5 riit <MI _jlj_L_JI 


jt Lijj_) _jll_ jl 4_l_Ij_ji jl»j,i 4jj___ ___ jsjnii 4_j_l__i ij_j_a ___«_ 

_f___i-_1 4i->- inll <>ljj| j_« (_£ _ jf i4_uj-___ 5 i -r mi J-J-S-J (Oj in> J_J lj-_J_- 
4_L_a___ ^nv _jljL__l jl_i jjj__JI I j__ j j <i"j . Ifl mi »,__ i__j__ __lJI 3- J - t . " i U 
jj__j .j___JI (_)___ 4j jj_J j ii" i M « j-_— ij-> l-!j i4_i_JI _>__j 4J jlj i4j_j_-__ 
jjj__! jl 4____JI jJj- I «1 _ '■ « J£ ___ 1 _jlU JJ i _____ (flj i ii -vj ni -w jji ^jjJI 

j-^jjj -_ j_>JI (jM-i.i 5-Lc. I n( ,1 j_« jjj .j__}_t charge conjugate ,___-__JI 

jjjjjjlJ p j jjjjjJJ lj— «J P -_j_»JI (j_£- ' j->-*9 • -L-all (<ijiii-_.II (3j3 ___-. 
iJLJLI J±J-_ <_,-- .SjLjJU- 4j<ij_iL_l« _jUI ;VimiI _->-JJ 'l$J--' 4j_-Lj j-0 . _L__Jtl 

(jjj_jjj_JI) _L__II jjj-.jyij jjj__J>U e + j e" jUj_=JI s_L_ f i v,,.,j 
j_-j j i II 7i" j 7t + jl__j__>JI (» > t- ". mij J-ILj ;e j e j__>j__»JI j_« _ ju 

(___II — jL_ul__>JI Lal . J___fl pj i ii-wj pj . ..-^ j_a Lvjj L__jL__.L) j-uj t miU 
L^jl JL_j_ < Tt^ JjLtHI (jjjJlj Y jj_j_JI J_-_a i£j_i ij\ j— « 4i-y .» J-_>o V 


_-ji9_JI_J[5j_J.o- 


L_j . self - conjugate L.I j i-jl jill __$_ t L$j 4__>Li-JI ij ■ ■■->- j 1 ■ •-" 

4_j_j!j_!l _l j__ 4jjJ_j ,_i Vjt _Ll__U -j ,,. T.lljpj ... ^JI _ljjf rJ . „ « 
___ _>->J a itlj (j n j 1 1 1 jpt ) J t t ,4ujJ__JI i ' I l*i <". iri M . (_gj j i ii i 1 1 (jjj "i^ljL! 
_-IL-J1 jjj__jJI _)"» inl J__j ._---lj J-*- _-Lc (j__Jl_JI _5jL__i __!) <4_i|j_JI 
j_j_LlJlj _;jjl "Jj-ju 4jJjLx_ 4j_-l_ ___) L_l___ 4 jnlj-JI 4_j_SU_L_j _jj_4__J 

.ijjjill jjj oUj.n-yJI *Lj-J- .__ f»_- b-La-" _Jj juu -_ajl <invariance 

i__jjj_ i__sj 4_jIj _)j-J 4 « j i l/ill (juljjj (jl 4 r~- ,m II _)lj___l j j i"i j»--— - J-^JJ 
|j,ja J-Cjj ,j_L_1 4__Jjj .3jL__J.I — 1 a j,„ -kJIj — 1 «j in-yll J_l__ll j jj«'H 
4 iUf T Jj-t-« jl ij»_L__j 4 ilof _;_ __l_>j-_!I jJ__UI (jl (_lc j j <"i!l j»J_c 
"__jL-JI __| . j „, -,H -_j ny __J l..-. miI 1-1 j .;*.. V .(J^Lar o .nl) Jl_-_ 
.(4 oj i ii -w J_e_a jL-u p j 1 11 ->■ J_j <*JjJ_l_> Js—a rfl J 1 " ~>- J£ J_*j) I g )Ij-9Lj 

(ji " jl «itU j_3j_j I j_SL_j 
u_j__l (jitUn U _)___ LgJ 

. Lul j 4jjljl_l L$jL_ r»_j (j— aj < J-JJjlll l__jj_J_ 1*1 -*1 

ijl (j-l («d-j '(j-ajJI (j_---j!j 4jJ_JI j j <"i _ _jlj_j__ j_a («j l_a jlj-C <__-- 
j»_JI 4jj-j_ _yj (-CjJI __-C . _u___JI -jIj-LUI ___ 1« ■"i.n a 4____l jl j_J_l _L_ 
jj_J (»J_- Jjj— ' J^-> "j_»Vl 4__j_k_w _-_J .4 j 1 iijU-__ajj^-Jlj 4____!l -jIjjLIII ___ 
jjjlj aJ-CJ i(jJj i« «II (jj-JI CjI jij," a - 'ln 1 nljl __il l__a 4 i-r ~,ll _)lj__)lj 4jJ_JI 
(j-a |«£.jJLi 4j| jSTjJLj jjj_«JI (j-«J . Ljj__ Jl-C (j_a J_(lj __U j Jju _v»jJI (j^-kjul 
l-IjjLJI (___ lg«ja->- 3juul__a C 4____JI jljl-lj T (j-ajJI _>____jlj p 4j__JI _J 
4__o__la Jjl-JL (_-_J ,l_t }St __ 9 JJ_j CPT **_jj.l 4_J_L_JI VJ ,5nj. ,MI 

J_S_ .(_rj_-l *L__? (__Jl 4_L__>yLj .(^--j .4j_ilj_JI JL>JI 4jjJ_j _;jL_a ___ _mwu 

. _L__U (<| j 1 n I j (CJ--->JI (j_a J_J j_L-Ilj 4Jl_JI _^jL-j 


<^ j^l _>_____ Li_J ; JJ_ juu _t.Uj-jL>Jlj _jL_jIj_JI ^JJ <_-!_ __>__ 
oL_jlj_J1 . J«_U ^ys U__. J_U_JI j « L__jjj» J___JL ^ -jI , ....^JI 
_jUL^_;j__ 4___IL__ Ijl.! j V ' j<t . '■< J*^ * ■-■<>' _'--" j 

._l_'1 J-»Vl __1_- cdJj J*_J (<J ___ jt ,-__u____<. 

| j_u_ UojI ____« jJjPjjjj j_jjjj-lij (jjj-__l L^! (j_* UJ^) ijj--' J* 3 *-' u! 
J-^iHJ-sPJ OJJ-"-^! lt'! (j- U J "' .' j' ) pj ii i t-II 4_j-___,l (JM - < i i '^ VI) J l-- "I I (j-a 
(jjJL^J 5.1 intl jl 4_jjl jjl 4_cj_JI (jL) I I j -y. I inl i ii ■*.[ l_!L___ (jl VJ jl i^-i a j-Jjjj-jjj 
iSjt i jl_ _tj"i h I jjja IjJJ- __i.l jj_ _tj"i'_' _J (___ 4 ji<-i"t!1 . 3_L_-lj (jj-_ (_nlcL__JI 
f lj__j 1L0L4J 4-_l_c 3jj__2_)j .<U>I -r <i i^il JcL-j <_,_ J-»! 4__L__« 4_.LL_ l_)L__ jj-o 
<__-> J___JI l___L»_- jl j-_L____!l LJ^LcLjj 4JU. ___- 4-_>j «' iiill *il__<_J 4 . i.iilL 

J_-L_ (jyjj JjcLsj _$ V (Jl_-___ _ I) JJ.I (jj£j ij rt'uii a j_i_. («u-ll-w rr.rt' _j_L>. 
___*jj phase-space factor lSjj__JI _lj--JI J-L»_« u * .„> L«_._l_-i :_4_«l_«-- 
43.LJ.I 4___)l (> Ijl* Jj1_- jj_ -JL__ _,!_ I jLa . JcL____ 4_-UI 4_>L_-JI -_k__ljj 

JoLljh .1 n ~i «j V .— -jLst) jV <_jj_>JI (jja j_lj£ j JL3 4_aLal (jj_J _J J_-L__II (jL_> 
JaLjJI .4jj nii 4_il iii-- (j-JJJJ 4ju__tl _llj_>L_j (__ic. (JjjJaJI (j_i_>JI) _Mj-_!1 
« JL___VI 4____» „ ,,r. 4_j__jl j_? 4 i < iiKj a 4_j_*_J _jl UU •_) j-JLI J-4 j-i-^l 

3jl__j ^jlinil (j.iLl.JI j__j. (___JI , j__ JL__VI <«__j . transition amplitude 

.d-LLuLu^l 4jjJ_i_JI (jja_sL_j (__!_- I J_w -j_u_^ 4-ljJl) ,u'h' ,___j ^djjl jjl J_.L__JI 

_j5A__L_j (jl (_— — - (jJj i^i «II (jj__JI _a__jljl (____> J__JL ' a j » («j _L__J 

j-l in4l 4j^_j (___> 4-jjljJI Sj miII I 7i iti JJUJ La ______ I _j II. p h i'i —j| <ij . ,i ->JI 

_jl j_- l_L_ --Ij_l_I (__ll Lcj (jjjJI . 4 j « i>ij 4 j i ii jUU-Ljajj-g-Sj 4jj_S :5j_i-a_- 
4j*V_- («jL- _>_L_-f __lj Ujj_L-ej Jjj_ JjL^JI U_.j_i __3 ( <ij i. i 7 JI j-*ljJ_. 


-Sjlj-Jlj-USj-JIO» 


■'■Ijl J_L$JI £j--l f . I al*i a LaLu - *J " n .t-~.« (_jL_j___*-a) 4_aJ_jt 

~_^L__11 3j__!l _ijjL_ jU_l ,__ Jj ; ■■■_'! ;tl -j1j--j #L___JI j-j ■■■j <__>lj_JI 
"ujI jjl 3ju_JI (__ lj-tj_> Lc.jjj _JLi__ ,jt a£jJLI _>_j • l j-j_j Jl •»■ m_ . L_,„ .11 

wjl jl a «I I j J o "i .<__aL_C 3j j m; _>_J ij-l — ___-->_l .__> (j_a ^t J>.l_ 

(_jj__ jt (j_a jttCjJL i Ijjj—. - Aj. , Utl _j}__l___JI 3jui_ i 4_L_ _ jj_„ _ __-L_ > 

_jL_LI_JI JlLc -_-Jjl 3 "i a 1*1 -r i n-it u mjUI i « ajj_^SLllj __u_t_uaJI (jrtlcl ii~i1l 
(jji ~* _ ' ' ^*** 4— — »t 3— C Li_ jj ■ _flj__. i J__lj_JJ i -»■" <jj-J • ljL>- 4_JL_!I 
. LfjJ j___- _ 3jy___ -jljLii.1 

7C" + p -> 5." + K + + 71° ; p + -» 7C + + 71° : (SjljjuS.) 4jj__ (i) 

tc" + p -> __" + K + + y ; tc° — > y + y •. 4j,MjUl;«a j^_ (ii) 
7c" + p -> X" + k + + tc° ; 7t + -> |J. + + u : 4 — nj«.^ (iii) 

jjjLjJI 3j_iI_i I _«J a> _j}— dl 4_l-__L__I ^j-iJI J_-J_ .4___Lfl 3jj__u 
3j__JI __jL_ l_J ._-j__t 4_l_-L (j_a ,_j| o j m . - JI _JJ__L_J (j_a £j_ J_ (__ 

_JJj (jl__ -o JcL__ _jjjl__j —_«___ __j__i L— _tj ii <i t 3j_ijJLl 3jj_i__JI 

(jLjj__-_l (jl_jj__JI ^4 I n i j; i Jcl ii * II (___. j t-ij ii"i i_flj lm 3j__JI 

-_____! __j__, .(a_j___Vl 4J_L _,j--> I .rtt) _____ 3j_j___o -j>L. . « -,j 

<d -___jj V ^LcL__* ___> . j j'i «il ._jj_s _____ L$jt __lc _,_l "ui__JI 

4jL>JI _•__ _ ___! . 4 I m ii i a 3jj__aj 3 j_j_a 3jjJ_i_ 3j_> jjj— _ _>C — JjjL—sJL 

_tjj_>J| (__fl ii_j|jj L^jt_i J a t" __jJI - - j ■ ..t-1 '.^ ajj j< II 3j_JI j__-__ i_flj__i 

VI p . , „' V LgJ.L- -__j____JI 3j__3JI L_at . JL___VI ■____ jlj__I 4_aL_JI 

iIj-l_-I .(_, iiijUL_-ajj^_ JcL_" L^jt (j_l'4jU <H JUb .4 Ajnti _j^VljJL__u 
^_a jl___ , _ , L) jl L__ij___u 3j_ij_i ■ 2 ^ j - . V» 1 1 3j__JI (j— — - L a JcL_j ■ - 1 1-" l_J 


.t-Jlt-JI^S 


__* 4 n t . i^il l 5^_SJ1 <>___. _)L_- il o j' u__>-~ S - , l (j__j--JI _;j-».j 

JL_J __jJL_C.j . Jl n~i ) _l 4 « in jlj_2_a Jj J_>- ___i ^"C ~- ~n __iljJ 4-il 'i«1J (jj— - 
i ^ ,- .U (J_L_i L$jf i_lxj_L! 
£ljiVl (j^a Cj>Lc___ <__) 4_tjj__AI CjUj .„-,11 {y> _,oktll 4 j.lr Vl Ji.Ju 

.hadrons «cjLijjj-»» ,«_-_Lj .5 t^ IT « „-,i r ti ____. ___ . L$_£ 4_M_JI 

CjLij J lllj <(CjLj_)JJ_jjj __iUjJJ_>j) '"'■ 'J J ■ <J J -11 4 rj ^ «.I I _____ J i -^," 
lj__-j<_ > _ (j__ij_«_-_« __]} CjLijjJLaJI p.nnn .Sj-i-- _?_>_- 1 Cjl »lj. . .> j (TC 0 , 71*) 

<__ __Lij_.jL_JI .mesons cjLjj__J.lj baryons cj_jjjI_JI -.l^ut ___j . .■ < 
_l j__ _ I i_aL__V 4jjj_ cjL__-L___« <_-l jJI L>j_I cjLILj^ _;! »,_« j_u_ cjI «j m-w 

-iLiLi- <£\ »4_aijjjj -il o j im> (__ __-Ljj-J.lj ... » , , 4-rj-r .-II 

4_i__ _, nj i"i _-— ) ... • 1 ' 0 .4_e-j____II -ljU__l C il iif I i>i - <-jl jJI -$__! 

. (__>L C_jI_ _j|j_.jj <__JJI ^jljjl _J j__JI 

■ 4 lijtinllj 4 jin jUL__99j-0_]l oi_l__JI <__> Ji-J-i _--ll — il 11 j 1 n -Jl 

j_ L^uj (j_« jj-dl .j-i-_ >f I 0 ...4 J___ »4jj_JI _ij_-L__JI ___ Ji.J_ _j 

_, 0 1 11 j La |«___l lj_> ___ _j->-l *____. I J 1 * "■ 3 j - ..jt-l '.1 jCtl j_£ i_)jjj_ll 

T~ . [i~ 1 e* 4jj ,'.,11 leptons --Lj-,, jlllj W 1 «-___j____JI _j_ J j i _jl» 

.(jLj —iLijjjjJ iCjLjjjjs iCjLijjjSJJ) 
Cjj__,__ ___ 1 1», l -_j ^ _ 1 h"i C j I o j 1 11 <j_a ii 1 "1 1 1 ^ 1 11 iill i_-dl__j 
. SjI iri II Lgjl «i j 1 »i~-J Cj L_ jjjj- JJjJ I 4_-j_s_>Jtl _ J-_> _—ll (_4_1jj 1 4 rij « i>> 
jjjjjjjj : (_— jL__J,l jjjjjjjjJlj jjj_p j_i_J I (j_a 4 ii I" -r a _[ljj' 4jMj i_JL__> 
jMJj-J J j i 1 1 jl (jj—JLI jjjj_j_jJJ _-JJj "i^tyi jjjj-jj jill jl (jjj___JVI 
3-1 inll Lgjl 0 j 1 11 1)_ _;jL_JI jjjjjjjjJI jl jLj jjjjj^jjj __jj_J.I 
i-gjl «i j 1 n -*-j __)L_bj_ijjjj j i 1 1 j 1 "1 «") . ( I (j 4 j__ 4-j___9 1 4__»j i"i ) j j o 1 (_ll I ) 


-SjIjSJIj-JJSj-JIoi. 


L$_l 1^-1 f j _j__i er— " .' 4-jLc __9 4-1 _■! < * <i <:L____f "oL-all 

t_-il j ntl tjjjj-J J-A ( nj « i<*>ll i » ii 1 1 ___* J---T j in r _JL_4> . 4_jj t 'i 1, 1 

. Z J_L__J i ni.iMI 

4___u____JI _jLijjj_jJlj _j1_ij jl -»<tl _,l___ 4_l __ 1,1 ti ^p-aLu j_! (jjjj__JI 

_--Lj__ -jljjjj i< 4 'ij.t -»tl -_jj___ll __9 I^>m ■>. Ji-J_j .Z j W" j W + 

.!____! _.l_jlj_JI (_J1j .V__ LsJj (_:Ij __j__j .gauge bosons (3jjL_.) 

;_$___»4 ««u . .iui £^t$* 

. J__L__ _;l JUljj JU- 4______j j__ 4_uj ^<ll 4_____II ______ _! j__ 1 i 4l j . .. __9 

__l_. _)j_Jj_j]l <_____■ — jI.I -wjj 4___-i_JI __ul j 4 L__ * ■ -I - II (j_a _,j-_J __j_l_ 

4_jjj_^S_l 4i~- ihII JJ-__ ___. LJLc. i.ij.I -stl (jj_J f_i _-«J '-■}____- VI Jj j i ii 

<___wjll (jj_j_JI J p _j-_jj_JI :<L_____I (_____• tLLJlj • L_a p j in-^1 (_-____! 

-Ll-Jj4--JI 4 it nilt (__-_- _J-C _jI_ I <j i j ny l—I < ij m-w e + UJLAi3_-^'j 

e" c_JL_JI ____£_! Vlj 71" -__JL-JI ojjJIj p _L_JLI ujjjjJI i>j • + ! 

(jjjjj ji tlj — jL_j^jjjj j itlj _jjj___U 4 i iiiitLj .-1 __4_JI _J_*JI 4 n j 4 (jj__i 

,(j___>) 0 4_*__J __*_JI _j_JI _j_j 71° J_L_UI (jj^Jlj _L_il (jjjjj_Jlj 
,_j,j j<ll 2 II (<■!*;) _j' al j" ~ + p — > 7C ^ + n J_.L_Jlj 

_____ i__JLWj 4jLi 7C" + p — > 71° + p J_.L__tl LJ . 4-j.UII ___ >L__ _jjl*j 

.l_jIj_JI 4jj_sj__ JL-jl Jj_- iJ-lu _l£. 2__,Utl __a _jjLsej V j_fcj .-L_i___l 

— j! a C I ___- _)J-~ (jt 1 . 1 T J l£ — *Lc 3jj____j i4— jjj fl< II -Lili-r i~itl -^j o -»■ _jT 

,0____| L»£ i_j_>jlj__tl .(jjjjjjJI 4 i — ■ 1*1 I (j li m i4_JL_ <4_j_*-j_o) 4_a-j ~r iyi 

(____ i4_i_j_i _)j_JI (jl i L-i-_j-_- i L_ J__-5L (jl I i i< «i j . 4_j ni< _jL____ J_4_»ij 

. Ly^ V_L__o JJaj i__j__j L_l_ _)_> i(jVI (____- I i«ilf J__ 


.l_j| t _j| J 3 


_,__ Lmj. 4-=>j__> a _;j__i 4_l__ Baryon number <_^jjjLJI _j_JI 

Iju. .4-_jJI _v- lj_*. 4_JL_, 4_wjJj -_J~- n- 4_J_j La _,jj '._,'_ I __!>. H-il- J__ 

(jjjjj ilt +1 ___ 4'm j 4 :l_-LjjjLjJJ J__L_ ljj_i___ (jjSL) ,____JI . i tll 

(_Tj-_-i CjI o j i n ~J j 4j_L__Llj 4jj—- m i I I X C-l flj'">i> A ^jiii-wj (jjjjjjjJlj 

(J}__*___-'_ , l) J_L___JI J-__L__ S_l iMI L__-l «j,,,-J -1 4- ■,,"-, '.Sjljjlc 
_,_L__ (j- 1 (__)jjjLJI jjuJI ihii-- (jjjLa p^.T-j I jj fc» — " j *j p — > e~^+ 71^ 

jJ__-JI lj_fc .(j-i-a) 0 4W, <_l_.j +1 j_> p_ ,„11 jL_j ____ (^jJjLJI _J__!I 

I jt-_ 4_£~.|j_« _,_ Ij "■"■ ■ ■■ " (jjJjJ_JI J« T-J (jjjJjLJI J___-JL_ ) lj_J_- _)_*> 

j <1 « II (jl j-jW - . I .jlj ir"i (jXxJ JjLs_jj___ _M JsLcjl (jjj _j_l_.j J_-l ii".ll 

io 23 (j__ j__j v j>u_yi _____ j „-..„ » j-h- i_i ujjjj-JJ ___-j_ai 

) Loj— _ 4j__ 

__a .4jjjl_ sjJ. fjl__ S lepton conservation _'j"-.-j n| j_____ji ^ i_l.j 

j_-l ____ I_j>. "jjii,-> D e (jjj__JVI jjjjjjjj 4J_? _)l .(jJjjJJI Llu J_>_ !<_"! -'■< 
_)j_- jl _, t i ij 4_j_JI l_Jj _)l _>_)j__ij (jf I j t~ (j_ij .(8. 1 JjJL>- jJ- jl) jj '""' 
.L-L__-l J_l I jl 1 - I 1 _'■» jLj jjjjjj_uj (jjjjl jjjjJj_u l"l"C Lal .Ja ju— J JLi lj_i__t 
-j-4 l-J-J L-JL__ .(jjjJSLiyi 4j__j 4jjL_La Ij-l____ JIjj V (_lcVl JL_JI (j_Jj 

V e j e" .<_j_ij_jj_tl _w» -_}l___ __!>_j jl>_j .3j___ oI j__- J__wjJ L_- )__l j jj__ 
jl__j (> .(_ jM jjuj___j) D_ , T~ ;(U^jjuj__oj) ^ j |l" i(L_^jjjj___j) 

Jj__ 4 o , nLa. 3jj___j jjjjjj-ijJI 4il_ j-ljL»jV _)j— J (_;jl—uJI) (___.! j "II ~^jj nill 
■ L-Ljj"i j jll 4 1 1 r> li i « 4 j i n->. iliii ~- _ru lj_l 4jjLj Jj—^J _, i*. J j^—t . 4_aL_ 4 j ', n , '<-> 

_jj*. .e jjj (j_a _,'j" ■ jin jjjJJ J___- (jjjLa _JLl_ ,(jjj__jyi 4JjLjJ <_i__jJLj 
L^Ij-jju-. _U->Jj .+ 1 (-jjjJ-Liyi (-jjMjlH jjuJI D e j e" cjUjm.-JI _U->J 

.(j_i__>) 0 (__*_JI -J__JI _Tj_-Vl CjL__l__-JI J_i__-J (jj_jj . -1 (_*_JI .JuJI 


_5jl9_JI ^Jj Sj-JI o» 


(j__j_II (j— « J— _J 4 »_ul_- 3jj t_u L__ul J b> j A -» ^ <Uw£ _l_cl -— >-JJ .JjIIj 

(1 ^ e + Y Jl___ll iJLIUJj, ,„,_--_ u^ljuSjJt.Ui -*tl _*-lj__.T j|i 
4j_s j "i jjjjjj_jj j_> 7C + — > (X + + X JLst—JI X ^ i ii -— iJ 1 (jlj ijj ]r>-r a 


4 i,„itL> 4__>L_- <>_. __- __Jt _jJ_«j J_S_I .-.Ijj- . jltlj -jLSjIjJJI : (8.1) Jj__». 
__»■>> ___ !<___! I 4.a.i, i r _JL_3__3 > J3_i_JI _>j£_ ji _>_>jj__-.l _>L_ .__vVI _>L_jlj__t 
.ijJLJI L^_JL_> i^cjj £ ____,5>__) 4-__ <U L$J_ ji l(?irt» t ji __L_ LJL- iu$_ _jIj__j» 




4__JI 



ar_.i 

',1,,-Htl 


i___i 


|»,,„>ltl 




u 

2/3 

1-5 

c 

2/3 

1.3 

t 

2/3 

174 



MeV 



GeV 



GeV 

d 

-1/3 

3-9 

s 

-1/3 

60-170 

b 

-1/3 

4.3 



MeV 



MeV 



GeV 

e" 

-1 

0.51 


-1 

106 

T 

-1 

1.78 



MeV 



MeV 



GeV 


o 

<7 


0 

<0. 17 


0 

<18 



eV 



MeV 



MeV 


i',„, jt _j_tj_uj_j_i_JI _,! (___ 3jLilj__~ J_V_ _JLi_ i_rj-_-l S_j__L ^ 
1 q\< aydMi c.lj-,^ t 5 . ,.,-,n . J«S» J f ,<\\\< : l jl .1 _iy; ;___J| <Uj___ 

_)J_J _)! LjjJj__> _)L_ Lo IjJ . 4 iii /ItA a _jL$_w _)_» _-jLjj j__L__ j_u_ _jLjj _M 
(j*u 4jj_^JI jcJjJ _)V _;j-_ — Jl n'i ~-l _____ (jj— J i__j__l_ 4___ — jL-jJjjjj jilt 

3j_ _ (j>-* *_—-> -S-Ui J>l__ ji ,l____Ji j>u. U-_j_»_ *__.! a_>L_li £jj_Vl 
jjjj-j jill (j__u 4_L_ l____j .neutrino oscillations j_jj_j_uJ1 ___jjjj 
__!j 4j__j__ c__I Jj_t_b _,! j-_L___ j! JL>_ 4 jU <■ (__ j-LiJI *0 e (__>jj__J)/l 


LLfcjj 4lo. £~-j-_ i,.,,,n U_ j j \> e : L$K 4j>_JI -Jjj>U (_*>*£ <-£l j3 
C-*-*J '>-->->---' J--" __-> {31)-*^ _r-- LjjLjj-lJI J --*--* ■ ' « " V •_>-*_>- ' *-~ 
■ t_-«ljJJ *_-j_, Ijuk (j_« _JL__ <j_lJ .4 <il"-- - «Jal*-» olj-LaljLi ___=.j .4__LI_JI 
Cyk .JJjJI Lat .4___ OU^^ _,_? 'M cSjJ^ JU--1- L-jL__ _,_> 4j_Jj 
»jJ_j ,oL^>. - J r jjIojj 4jL_) j_Ijj_j jjiJ I __Lj_jj (-— £■ .4jjjj-r"tl 4-p-L_ll 

__ijj— j__ I _ I £jJJI __L_bjJj_>_.j_jj __3 I _____j j! ljj______9 l_JL___ _)l .4_j_--L (j_-> 

«jJL_ _Lol « 01 lj->- lj_ji___- JJ-JJ jjj-sjJLI _i *»j *N a . (_) .1 «1 "ill ,j_-> Li_JJ 4_->._L__JI 
-_/_j l_)__.j_lJj_jjJJ I _irn.ii I liTi (-jJI 4j.no miII -oLaJJI _|? _,^j, > 1 . Luj__ _)L_I 
<*.*»K Lo_> i^-oj--^ _>___JI (jL ____2j l_ulj__a I __ __________ 1 _)_J . I l-i "- 4 n 11 1 ___ 

_-*J (_Jj__- 1 __L_-j_i_ij_jjj ^Jjjl <___ i.i.\>,>"" 6 _3_J! oL*jJj^jj-jj (j_a Lo 4 1 1 11 1 
_*__al £j_i_.jJ,L J .,- . "I I (j-l j M l _>-. ~J_--- -JL__ ._>--j-I <_JI _yj__JI t-9 

(j-a J£t _h-j--J 2_j___JJL 4_>jIjlj (-i-jJj I -—-J .__-ljj_«_ (jj.L_._ui _-__■ i. ~- 4_u___ 
J__j (__JI l_Jjj 4_ljj_JI 4____l j_j. _r-> «JlIj-1.1 L_L_j)j_ij_3j_ ! ___J (I J e _n_.j_!l 

(j_J ._H--ij 4-^*-j)i _Jl_L_> i4_jjl_* Sj—a ._v_>jVl i__>_ "-___j___>jJ,l CjL-I mi^U (jJJ 

(jl jJ-jjj 1 e _j-JI -jL-j-jjJij-jjJ 4-j___JLi (J. _j-ll 3jJ-j (___ SjJJ «ju_ _,___jJI 

. L__jl Ll_ j 1*1* i*i <_jL ju j _JLl_> 
Jl_j .(j^l _,j.i*i<a Ji^J-J (jr-iVn*i _U_. Iju* j£> <y_ 4io<;->"i,l Jj_ jJI jl 

(jj_" (jl j/L— >"__*__ j. 1 11 . 4KI4 jj t-> 1 11 julj < it mij _il L__ J____aVI (j_a (jjSo 

_,___, , ■ t-j "... 11 j_ej ^jj____ 4jL-_ __2 *i I ■ A '■ 1 1 "kjjLjJI (jjjjLjjill J_l_j--JI _njlji. 
(j_o JIjj _ ___J . Ijl^ 4_j__ (jjS____. JliJI jj___-j __L_CU__j'_l (jl (j_- ^uijJI 
:3Ll__JI ■ j« ___=. LjjjL _,''j"; j 1 11 — 11 Jj>L__ J__lj (jjjL- J-aJ _)t (j-_»II 
(__-«_> JJLC. L4I 4__*___JI 4_JL_u< 4j>LjJI _jLjjl±jJJIj L^l_ 4j">L_tl oL_jj__LJj_j_JI 

«.___. _;ij .-1 _-«_JI _J__1I L4J "_L__J,I Lg3l oj 1,1-wj , + 1 jj_ _JL__>.J (_jj_u-J 

J___>JI (j_C ___J I 0 j4 _JJL___U 1_->J__.J .(j .i m) 0 __»__JI JJL_JI 4j j_i-T 


^ji 9 ui l7 j;s J ^jio' 


_;j_,t 4____j _JL__ .^U_v)M ____! _j__JI I j__> «_Jj j_l_-j __>_. ■ Mt l 

j jj^ tl jl *»• lii-l I j __Ujjj_3j __Uji)j_j_i_j ,Jjj_L_i _ij-JI :4_j_i_»Vl 4__ILi 

5__U_JI <_.j".-- - _>-> 1-« *_r-« _j_JI u? 5 j____j __jjj__ _L_j .Big Bang 

___, a j__ . ______ j jkj V 4.1 "_"J ■(L_u_U.) I jl«.l'i" «Gljj j * mij 4i__*j _;jJI 

"____II) cosmological missing mass 3_j___il "__t_j__J( ai-.<ll 3Jt .., « 

Ijl>. 4_L____ jjj i4__- ^ j *'._)" j ' U^- 1 l-j . (_)_i__—jt * . . - a! t^lt <___l__o 

3 ' " ' ^ a ■ ■ "t _)! (j-^AJ U-U i_Jj_s _jj___J > }'l __a 4_j1_ __Ijl_-j _jj-_- __a 

.jj_JI j_a «5_j_i__.l "__JI» __9 4__j___« 

_j__JIj "ujj-^SJI 4 j.t- M.U 4_i___JL _jj_.L_> j»Ll!l J____>JI _^_jl j_2J __■}_-_ 
__.__: _;j_i-i __L_j___ _!__> <(^L___0'| ^j", . jHI _jl_JJ Ujjj .t-jjjjLJI 

(__4_3 .____ _j_____« JL_*_a __3 "Uoj ii -»■ a L$iL-i L$Jjlj_ «.Ju j__a "L_JJ___« 
'"'I j i J^j' -Jl '<*> '*LjJU-vj 3jj__jj . 4_Lj____JI ■ ~ '"M <* I "■ 1 1 __- 4___U j j ^ J 

______ _____ ^jji strangeness jjji _j__ uij__j i_j_i ij__ __» 

l_"*\jl mi«1.) 4_Jj_-a Cj—JjJL^JI _)l __L__sl_i (jjj mi « 1 1 (jj-JI _-l jij ■ ii fl *- ___ 
_£"}UL__-ij i4 ij i «i _)l « jo -•",) 3 j i n jti l ii _ o jj^S-llj 4jj_JI _i*>__L___ll _-S 
jSLaJJ -JU- (jjs 4_j_«_l _)f-it ) Lijlj J_Sj . _Jj->- 1 — ll « j i -*o ___ t— 4__jj___JI 
1 "ll" .4jIj__I j-_ — II JJL__I __a JLJJL-». £jj __ j « i j I j__ 4__*J__ 
4jj__1I _)">_-L__JI __9 11« a >■ 4_ij-__5B_a 4jI jJLll J_->- "L_jj___j __ljjj__^II 
___ _," - A j » .'-»tl .-i\> r I A".tl ___ 4__ j____a j_j__j j ..._.UI ; ^jj _Ctl j 
__3 .(»1 " jtl) l____pJI _)j_L_ jl J.'t- _-L*j -_>-JJ 4 ii j t i^tl '-'N "tl 
.4J_L_JLI (-SjJ- __J J__l_ 3jL_wjJI jIj-Lcj 4jIjJJI j-J-i-J !4jjLjJI <_j">Lc Li-JI 
uU.i iJ->tL 3jj__e_a _)J-U V 3jL_-jJI (j_ j-__L) I _ j '« j j «"" _--JI — )jL_L_Jlj 
: — j i^-ijjU . (____o __ljj_>_ i *• i -»■ 1 1 __Lc.j__>j_ - jjkj) Ijl> 4_-l__> (jj_J Lujj 


.li+JI^JIjS 

tjjjJ-JJ S 4j| j_JI o\ _rL». j£> .^LjjjJIj i-jLjjKjjJI _JJ-»J S = 0 4jI j_JI 

4jj_i jjLiill jLc 4_yVl _j!>LcL-_JI <jjS_i-JJjJ L_jjj. j_».IjJI _tjL_-j K + 

: |j_w 4 ii j < i Xj i4jjLc 4 <i j « i r>J 
7l + + p -> 7C + + 7C + + n , 

tc + + p — > K + + 7C + + n , 
7t + + p — > 7C + + K + + n 

(__3 I ; • 1 ^ 5 fc»«t - 3_j|j tlt 3 jJoL-La _tj---l -jI_j_«__' _j>t_ _JLi_> 
Cj^LcLi—JI _,_ 5 U»'a I ^ j , A _£-__j . 2 t— I *• ^ j j ll^ 4j^JaJ| u j^LcLi— Jl 

cjL^SHI «ju* ._Jjlj_JI 4_lj_j > _ i.-.y ...j _,! j_«j L_- _jj_jJ_ j__j .4 rtji <>ill 

4__ _j_j .4jjj^SJI 4j_*__Jlj __ijjjLJI jj-jjlj 4__jlj_JI »__a Sjji-Lo i_j}l_JI 
■ 4 j i u jULULajj-jSJIj 4jj_iJI L_QLcl.i"ll 4 jt o -« ■ (*L_j) .hn - - _t_ulj_S 4___. (j-« 
ajufc J____»JI _n_l j_3 _,!_-«(__ jJL-i 5_Jjl jSJI j>l j_I jJ_c j_4 «4 * ...» («-SjJI J 
■ _.<t~H i . I j 4_! "_*_ i4_uJ_>JI -JjljSJI 4jjj__ (___ 4 j « j _iU Sjj-i__j Sjii" ... a 
_,t _JI Jj^-jJI (jjJ (jja 4jjjj_t_JI _J_L_-JI _-a Sj__,L_a LjJj*I j_ 4_jj_CoJ _____ 
. 4_u_L_l — Jjl j£ 4jjJ_j 


i_a_-j j___t <«_ (^i _-j_».Vi ^h-h^-uji j_u_ji jiiiJ _v» jj-c j_>.jj 

_j-a La J_>- _Jj I J_l_L «J J-J— >1 ^'1 ■'-"II p_ A 1 1 j ■ " » "j j jll i L&jjj-*JJ 

,,_;j_J__J| . M II JjLu» j_> 4j-_«Vl J_»J . 4_L_-a_»J1 J_j_>JI (jj-jljJJ ^i*lii< 

.4jj__I _j^LcLi_JI (__ 4_«l_ 4_jjj (j__t_j ^jJI isotopic spin symmetry 

CjIjJ <~i a» jf i-jLcj a ~- a (__9 L-g-jjjjj i_jLjjJL_»JI _ « - <-j _J L_b nj—aD (j-L«j 

_v__j LjJ jjj_u JS f i .^1 'jjt^ _J__u L_? .isotopic multiplats «4jj_J__ 


-SjljUI 6jUl _m» 


4i-- miII lj__ Laj_S 'liO-**' 4jt<i y J^.Tj oLijJjLJIj <__11 "Lujlj-JI j|j-c/*_'l 
W cjjSLj (j' (jr*^ U_-"-» JJJlLo »1 i *-ir j -- J « -- (j? __JJ »jL-/)n jJl»uj ."Ljjj^SJI 

£y> 4_LiL"JI J_U_JI l_!I_>}_JI olj-jjb J->L»_ 4_i_s (jSLcj j_- <__JJ ,*L__JI _,___) 

4jjjjj_jjj 4jjL_ _)j_Lj (p,n) (jpa lj___j .4iijti*-illj 4j.njUlit -jj^-LJI _Jj_JI 
Iju-.-" p (£___-? j__ ( A ) j 4_ljj_ i _j 4_a_*>i_, (jj__j (7C + , 7t°, 7C~) j 

CjLjjjJuk (j-a L_)L t -._. > -J 4 i i i i il L 1 JlSLaj ,K (jJl)-^ 

4_^L____,(K + ,K U ) j 

JjJ--~ (jjs _5jj___!I _-JJI ^<i-»-*i1 lal *jVi inlj "CJjkl _JLi_b (jl (jVl ^juu ._Jj_-l 

UU -d J_I___J.I (jjjJI _>b '-^ 1 t 51 ^ 1 u-s n 3 P 3 SiK 

"LJjLaj (jSU .(__rj_-_M Cjlji it*i<ill 4 i , nilb I j£Laj ■ _f *» j — H (j-ujjoJI «LL-s (jjLoj 
__-_- 4_«.jjJ 4jj*a (jjSL*j La LJLc. ^Z . Ij_- <jj» Jl*j? __IJ > , A jj (_;j_i___JI L-_l!l 
"L_3 (jn ,*-i" j£\ l-jLlUjJI i M"^t, 4__> j t*i ,i,U jJ-L-il _*j l_,L_:>__j j jP.II 
Lgjjju (jJ) "_Jus_a l_)L_}Lc. j-uu (jl Ijji^ «ij ij__.l Jjj-_ __-- ."Lu_j» L_jljJL_i_ 

-.-. iji^.u a ,U j.-...n jJaLUI J_u jj (!___ 
71" + p -> A + K° , 7t° + p -> A + K + , 
tc" + n -> A + K° , 7t° + n — > A + K + . 

. «J-ujj-jejJI L_jLiLuJLj I Jj-w 4'. i"< o _gj j tn i 1 1 <__DI CiLi- jj iLaj_i_l 

*-j ^ mi jj->I _>j---i 4_Jj1__j ,-,--j-Lal (jjj ."inll _)j__JI — -1 jij" ,,i JjIjI £_» 

_____ jj ,t_ilj j^s iLjjSJ i"Lal_ jjc. L_jL_ T 4-)lju ^jj__aj <4jj-JI l_j**>L_: L__J 
lj__J <SU(3) ___> "L^LaJJI tfj_- ."L-Ca,- 3jJ---J 1 ■ J ii « LiJj-Sj L-jl ■". f Li 
4-JjI «i ".II aJ-A> y~\ . 4 j *4 (j_3j_>JI __JJ L_* --I " -r \ V (__j| j ,'f>Ljj ^*^L__-_1 
-j1 oj i „->«ll j_l»-»J (jj-JJ iJJ-'l -jl-.lt", a ___ Lwa "L_-_°t_a (_;jj_oj i__J l_iIj.) t". « 
_)L_ 4_«_i 4 jlM <iHI CjjL- Ijjj .(__jjJjl_Jlj 0 <il II JJjJI ii ni (j-u_a JJ,t" - ___ 
Jj i i ., ____ .4i__JI _>___ ,__J_ ^-JJ 4__L__*i"Li ,l_jj (jj<j 1,1 _jl o j iii -».11 --j.a. -k 


oHJIl-JI^- 


_$_,L-!j K Ju.i '<-i 4jjL_jj iK (jjjjJ.1 AjjLSj <^jj_JI *jj_J_l_11 4jjjLjJI <J-->1 

^<l l^yjii^t-jJU ^yJJJjLjjl JJLJlII _M_-JJ l_kiJl (J-U-J L^j ' "H " ' ^ . 

l_>LjjJl_) «1* 'J-J.L - 1 ■ <* 1 4-j_iL»j _j|j 3 J_i_~ 3 SU(3) 4_uL_J ,__ Lt_a 

~i--" (*L____Vl ____) dimensions _L«ji l_1 j ____J _jl_jt",a (__ Lt_a _;j_-I 
SU(3) (-jIjjuu^ J_~b J__Jl ,*L___,ilj . 27 , 10 . 8 J_~ ;SU(3) ajju: 
_.L_ («j _►*« ;_jVI_>JI (>ij (__a _dJj ___ j_i_>_ ,-^3 .___>. Ij I j ■ >> ji 
.Sjjjuc. L-kiil^a (_3 Vj___« Lj^Sj j_*j_ L$jl VI ,___JL 2-al_ SU(3) 44_iL_> 

4". tl (_£jJI jjjJI (__S J".a"._> SU(3) 4_J_L___1] u >»X^\ j-l_i_JI (jl l--- 1 

Ujuu' oIj u". r » SU(3) -jLjl-Lj jl__. ._JjljSJI 4_l__ j__ jJjj ___. 

__a l_L___! _,! L_r— ,Xlj j_-l-l_! ,4___ljJI 4_JjVl i__VjL__-J.I u __«j J_-uj .3 
1j_» (jji _j| jj«"a __3 4j-ij 1 11 ~-_a 3jjj__j *r"1l 4 i*C <ij V 4_>Jj_dl lLjLjjJ^JI 
. Lo £jj (jjs ______ L_ £_a_JL J*> inj lj__ .(_<-j__? JjL-a L4J I _ « <i j 7- '-. l JuljJI 

4___-L__JI Lj_iL__! l__J 4 «j _! j>-JI __Lc Jj_L (j! (_,;■>« ill) *j_«JJ (j_Uj 
_jI.j '<->Ljj L^jjJaj ____Lll 3 U_ ... , II 4_jjl__«yi J__-_j (j! jl" V"i I _"■■ - ,___JI 

4-jjMj ^j-Llu! ____ <_jLjjJ_$J 4_j_Cj__II 4_j_JI 3j___ _Lfl _JU j *_aj . SU(3) 

._uj____JI (jj__JI __l ,,, JjIj! ^ ji___3 cjIju <_jI_?jIj_? ^! ,SU(3) 

CjLj_l_Lj (jLfl '4j-_-__»Ij j j<- i~< ')_£ 4_j__gL__Vl (<__JI K_LaL-J- (j! ,j-o («__jJLj 
_J__ _J1_Jj_- 4j*jj__il -jLjjJl^JI jjj___J C-**-j, JflVl (-ic SU(3) 4jJ_L_. 
' ?■■-•■ L-J-iJ _^L_jljSJ (Im a^".) 4_>l_ <>ljj| Olj -.LL-j-a-T- _-a 4_j<_a L^j! 
(< ij , „ - » 1 l (j-a jL£i J a mi " 1 1 (j 1 j 1 _ , 't<i i «l_IjIj__^)i 4_»K Li_) (-, > t- " i n i 'i ) 

up «Jj--» ,„,T _-JjVI 4_>L_JI __Kjlji-JI ___=, ____! .(_L__J.1 r , ,.,-_tlj 
1-.1 'ijj 4 ... rt'i 6 jJLl ^j-iu (jl _,» j ij) strange «^jj-L» j down «__»_«_ 

-j_^J j_a jj . (4_jjj_JI _)j_ CjI j <i . .. ".I I 3jj-j (__3 _->1 J_-jLl 4 i.i r 1 L 4___uj--- 

. s j d j u l_jjj_vJL _Jlj-JI (-Lc. cjISjIjSJI 


j ji jui s jUi o» 

U_! CxL*H* ^ _-L_jlj__l ^J jJ-jJ __. ._-!jVl J_»1jJU «y» 

L$Jj_>.J L^I_L__jJ j-J__i _>l Juu Igi- J 1^1 "ill _, » j ij 4^L__>Lj CjLaLcj jj-**- 9 

4^Lj_ia __U.,...->. _-l£jlj-_1l ___■ ,j_ij-0? 4-l__[Lj -Sj .^'.^U 4^Lu_-L_jJ1 

lj_L_ _ru La j_ _) -M 4j i ii ~i « i Lj . Ljjj-so lflir ill __, « i i l 4j~ j?i-- 

Js-jG UjI^-LuuS i« ~-lj(-j_L;--) CjL-jIjSJI q?3 " j ~ ^1lj.(jruj-_-l 
I ^ , . _Jj__i ,__^-- ■*■! i j — »11 4_LjJl_>JI 4-_j__-JI (___> 4 j . .,1 , „t _jLj_-_i— 
Iju! ~j__L_ xJ-Wj _J L<jj| jJLij (j-Jj -4 njl.nll i_jjL-__JI ^ljj! __3 4_*___1jJ1 

. 5-j li i « \$ int-'*! ^«-jJ 


4m_L) *_!»-« 
t-.W_*_l 

U-b) __jL_-> __L___I _jIjj-- _f jl_ ___- ^-Jj-I 4_}__l oKjljSJI ,___.! 
bottom «£L__»j charm «___L_» __L_jlj___L! (L- jl__ __JJ j__.l , « j j r 

- jub Jj! . t j b j) C _ajj___-JL i ,j"j ".11 (____. I $J j ajjj) .tOp «4 «__»j 

(j.njUL-j-ajj-j-JI JL>JLI (jru J_j_-j_JI 4jjJ__ 4__aJL_ 1___jj _)!_- _jL_jIj_JI 

(^UI the electroweak unification theory . hi . ,MI ^jj-JI JL_>JLIj 
j_u «_)___» _Jjlj__l ______>! __j .(jjj mi.II (jj— Jl —iljij",.» j--ljl (^-9 t^jj-^-» 

—Jj—jle ___l 4-Jjkill 3j j "i a ~UJ______tj ____-1jJ ~J— - _>-« ljL_-lj 4_u__ i—lljju- 

j_i__ j_ (jj" j j I __L__i_t (jjj mi.1I (j_>_JI — il jij « , , ,i (___i- _U j _uu j_g— > .—Jlj—I 

-j->-J Jj__ _j<i ,>»"j ._r_j ~ j" ->■ (jj I "', «1, 4 i inilL ,___)- 1 __1_. .L_!>L_>1 _->j-_U 
-Sljla _j|j__ JjLa- j<L~ J_Li «£L_» _ljtj__l j_4_» («J .(j^j_-L__>J _r___jlj_? 
i4_JI o ->.} 3jj irii .(jjj_>.| (jjJL_L_. __Jlj_>. <(4_«_)) _Jjlj_JI _-L_-_>l (_gj «", inlj 

._Jjlj_it flavors «_jL«__» c__ - JLSj U_ - j! ._Jjlj__J j-lj_l 4j__, _JLi_ 

4_M_ __3 _jJL_) L-ljlj-? 4_^_j J^ (j! Jj__i (3j__Lj_i>) 4jIj_3- j_-_>'! 4jji__ _j__ 


itSJI ,j_u_j L4J L4K .3jj »1 a subspecies (4_i_.j__ ^ljji) -_jL-jjj j? cjUjJj 

L_uUl_>Lj J.l-H J->-l (j^- Ujjj j JHJ Uj .L-ilJlj ,_-jjJjl-JI jJU-Jlj 4 ITT illllj 

MjjUJI '-"■ ■-V £-_i-*j 6 jJ.I (jSJ .4_L_-.U_ i -'l 4jjJ__JI (jU-- ^ UL-j 
CjL^SLi r ' 1 ■ * d j'-* 3 " 3jj_Jlj 4jIj_l)I --jjjij ' j i"j •j=-JJ J^ r ' - ■ 

^j-iJI mjjJj jljJl 355*5 mjT -oljJi *U-_A; cjUjjJI „,j .-djljSJI 
l-_j___ .jjj^lj (j^jj^lj j o -.VI iVi M,l I ; ;< <ij . , U o '■>■ 4 j ^ 111 *,tl Jj 1 mi 

,jjSLi (jl (____. .-Jjl j_- -■■' (_<"■ ■-■■■■ (j__ 4_JL_JI 5 .^.a l ;ll 3UI ... Ju.t t- - ! 
.(jljJi 4j}Lj (__i- L4L0 JS -TjJLii 1 I jL_-_-i Uj i. i -y j I oj , „> «tSLgj JSJ _jl Uj-$__o 
CjLj j oj-i-a (___. CjLSjI jSJI . I .il' Te^a LU£ 36 jLal jJI (___■ l_JL-- (jjSLj LiLI juj 
4jj ■»• mi n CjLjI m1 4_jMj £X 1 fl e, , „1 31", 5j j <■ a 4 n, (_y-kj . 1/2 (_£jU-j I (j ril 
. (CjUjJjjjjjj) 4J jLLLo CjLj" m1 4j_Ajj 

(jjS-J (jjjjj-jl 4 '_. .-. Cjl J_>.jjj . 4jj-_u_t 4-1Jj^ '"«' *'~- ■"■ CjLSjl jSJI J.q_ T _iJ 

u .-. ' t j... r " Q = 2/3 llIjIjSLJI cjUj.h-sI luJL 4*,^ , ! i,H 4j_*_L!I _l___Vl 
c-JjljSLJI --■' - ■ - r ' a . ...-.t i .j .b j s j d ■-■' - : ■■■ r " Q= - 1/3 ;t , c j 
Q = - 2/3 : UU_ cjljUi,)/! ,j_£jl- (3jL___1I cjLSjIjSLJI) 3_I__-_JLI 

.b j s j d 3_,U-_-J.I ■ -■ ' -j ■■■ r 't Q = 1/3 ; t j c j u 3jU_m cjI «j ... r ll 
r^l « juk . B = - 1/3 j_* 41 ,„ll -iJjljSLJI cjUj,„ r 1 ^jjjLJI jjl-JI .J5JLLj 
<jLS l_J .JlAJtl J^____ <>_ .3j_i_L_, ji 3j_l_»_>, ,-.,„ ,1 Ljjl j !___- ,y- 4jj ,„<tl 
cjLjjj_i_LJVI J^j ^j-i-^l cjKjIjSLJI Jj__ ■ o j__ down «c.^:» -<JjljSLJI 
(j-L-Li MjjJI the standard (m;jU_JI) (__-_U-JI -i,r-i (jSUi-) ,cjLjj_ijj-Jlj 
„',<_! jujiic 4jL. Lpl^j 4_al miI-?! jUc (jjj_-_J)/l j tiij-»-! -_jL_->-_i 4J ^jj-u-JL 

tU-jjL l-jJl-l MjjJI l-jjjU, 5 .! j_- UJ-, lj_* (J-lJ (jSLJ .3 (^-.La-J-JI (____SJI _jl_JI 
cjLI 1 < jj-^-j (jSL«j (j_« 4jIjl_JI (__a 4____>_JI -__-- j 1 \ Uj>_>. *L_>. 4JSJj 

.(jjjjjjjl j! (jjj-iSLJ^U SJSjjlJLI 4 i-r m,II (jjj jlj-Sll ^yii ji__»l Lgjl \-r mi 


uSjljSJI _J| SjiJI o» 


I gl-.^u^HLi ...t .^j 4_L_ ._;____ Ijul jjhi V __L_jlj_JI _,_" I 

4j _)l <-i 4_ul j i^iLjj 4_alj . r-i _JL__> <~. i ii jl 4j| £_)1jJlj '. _, o t-> r 4_JJtj 

«Pj-ill -Jjlj-JI u -\-<, o\ \y >y -_j-__ L-l V| .4___JI j-^IjIj jl.jl_-_ 

4_j_> _)lj '.4_9jJ_ll 4_ujj_LgJI J--JI _;j *i . n a (____ l-J^>- _)Ijj li 1^1 _,' -~--|llj 

Ijl» 4 J ___ij__ jij_ v _►_<__ jji _,__ l. j_- __ii j^f c-^jjjji -Jji^-Ji 

_►_ Ij_v lj^__ j^l J_.__l_2_-3j^_i_ ^La __l£jlj_JI ._>_L_11 __J___1_. 

-___j_. .4_ J __,i__ 4__jlj i .i-<__ j .-■ _,<*__ <____Vi 4_m_ji __l_jIj_ji j__; 

L^L___ij I dl-<joj-. . illlj) -Jjl^SJI ol n i ... > (-jlj-a (8.1) Jjj-^JI 

_l____Vl <jl J-_-Mj .__J_iL__ __>l_ ,_-) I g n jl.n- J>L_- (j-~ ^h?J-_^-< 

(l . 0) j _____■__._ (0 , 1/3) (___j (j (^j____jj|j .a-^jjjLJi) 

.4±____l_ 4_»_l__ __IJ £___»_ "_ 3 j__LiII 3_L___II __1 o j ,„7.11 .-jLij- i jll 
cjLj^LJIj ^.^^-Jl 3 ;-- r„ II _Ij__,I (j_Jj .J__JI _-__: LgJ _,' .* _ - 

_jUj_ii_>_l ___. _;j_-V1 -jl o,ji„-».H _h0 4___ 4_jJi__JI 4j_J___11 |_J__j ___!_-_' 

___ ._jI_jIj)_J1 Ji_ L-U_ .4_t__ljJ1 LgjU.^i 4_.j--»_.l _j__ _Jj_- .gluons 

4_uL»j 4__j_i_>_ .1 e juk |___j . 1 JjI _;_1j-- j _lVi -' I _ i< 1 j .4 <i A ,,i\\ i_)jl_t_J1 
. j_L__ __ijjjLJ1 L__JL_. j . Ljj--* (S-^J-*- 0 ) 4J_L__-j .4___JI 4 aj.lr t L___? 

<___ Y OJJJ rill 4 i «lj _;_J1 jJjJI _,„<ii 4jj__JI .-.M /-I ___ ,____ ___j 

^Z j W j W + -jLjjj-JI 4_l__j ^jjlj .4 i,„ lUli; ojj-g-JI -jM__.L__ll 

4j_I__i gauge (-jjL__) _>-L_. ^Lijjjj --lj 1. »_,..-»■ j .2__a___JI __>L_L__J1 

I _~il n j ,„ .12 = 4 + 8 j_> L^ia LgjjJ La ,__]L_-_J jjSL) (_j _v_j ,__ill 
W j W I a lj i .Z (ftj__j>Jlj _jl_jIx>Jlj _)jjj_JI (___> L4J 4___L>JI 5_L___LI 

_>i.L_J__JI -jljjjjj 4 »____ (8.2) JjjL-sJI («---J .4 '(-»- ni (j_Jj__ £jj I — «._ 

.gauge bosons (SjjLil) 


<— j -s a A Ajnri _)ljjjj)j i— iljjj I -v ijjjja : (3jj|__tl) ^LjUI (n_i m-y : (8.2) JjJ^- 
L__j^S (", ijI-h «) <U_I <"i «j 

y ! g | w + ,w" j z 

0 ' 0 S 80GeV | 91GeV 


<L___ J£ QLi j_>Jli Lu__ '.(j-Lj-t _>jj_J J j-__- (_--jIj <j>^ i"jL___ C___j i_J jlj- 
-jl -j-j" ijIIIj _jl_jlj<_J JL>.jj <_!j .(jljJl ^^Lj (jai^ Ji-Ji_ -JjLj-C 

_JL—fc n_£jl_i_JI ^ jj <i i 1 1 i3j-__il_tj,l 4jjJ___J I " iUj . 2 j j <i a 3 ______ — .1 njm 

Higgs partiele j-*^_ ^jmi^II j_.j <u_L_lt -__.L__I ^^aj-u j_wi ^m->. ____ 

4_il_£ (__-_» -L_J jti j i n-sll I JL4> i m "i^j ^«J ij ii ■■-> <L—!j i l_uj_g£ ( Jl)L»J.I) J_.L_J,I 
< i 1 1 j (jl jj_«j_ijj .____« J— — i ______ <L___L___"I LJL>. mJj_5cj (j_— lj tjj)U i ull «juk 

I j__ (jSJ . »-— ij M i -> JI J__i j. l m a ,jj_Lj jl u t i ij i- u . - - (j-« Ljj_*_- I jj_ 
. ___, 4___.I_JJ (jjs j_at-i_. pj i n-*JI i tr-i «1 Mi I i_3j__Jj i . 1 "t a jjjJI 

(_-ja_5 . 1 — « (8.2) j (8.1 ) (j_Jj__ _*JI _j_ " «il L-Ul j-j—i-jj (jiiUj 

4_i_l_. (Cj— >lj miII) ""Ijj^l (j I mi I L JL_~ i <i"mI a jj____i _JL_6 ij_-Vl 4 " j " -- 

-jUjmi-sII -.j.^-y.1 5 i super symmetric partners (j__L_JI) a_J_U_JI 

_L___J,I <i(____Jl (j_-J . _?__>* "*»H 5 jj) i fi II i_£j— -I l— l_.|j_Lol (jL__jj iL_>Lj_____ (_--JI 

~_. ° ~*i — jijj j jiij (jjj-j jiiij (jj_ijj-_ji i—ii j f j_k iji.— _ <uf (____. i-*j ''^jj 

aju_ (jt .(j_JjJL_»JI (> 4_j_u,L--iVl O-jSLU 4_s_L_ ^ iJ-j-sJ-M _j_jjj'jL4JI 
. — jLjj!-».j _jL_jIj_^ (jjs 4__Jjjs — jl <i jmi -v. n.ijJ_>JI jjhiU (jja i j i "i <"i 3j_ii-Vl 
,jji _jL_Jj_« (j£. 3jLj__ 4_ljsj_JI I "I j (___! 4jjjJI <Ljj_i2 , l (jLfl _JJj ,____. «Llij 

(j! _^ («--.jJLi «_1J j >L_____ . composites of composites _jL__Jj__c 


JjlsiJl^lSjiJlo» 


f LL> (oLlJ .__Ijl__j) <_JIj__ L«j1 _____ LJI___ , _;,.,. -_-,j jU1Ij,_jL_jIj_JI 
l_JIj_)M ^ u ,nt-,.,Mj Ijl.1 j-*-__ V ^ '.^L^it _-i-_<u L«-l VI .<Lj__.L_.l 

^j-oL-J-SJ 1 -llLjjjjJJ ,"■!'■ j ~ ■ jl tl (-__. ■k* a J , - _'l I il ITj La )j__ . j_i_iLJ,I 

2I_ ■■■j (3j i^->L»II 4jjJoJ1I l_____.) 2 i ■■■! ■■■* I Ajl ,-, e- 1 ■ oLjjj-illj 3 _ j « ,>i1l 

.SjjiLua JLUI 

,-■1 . ,. --tl (ji_LjLj _^lf _>______ Vl ____j_j 4_j-L__ 4_iL_____j 4jji__i 4jI _)l 

_>_> . __l <i j i ,1-hII . j__ _l]jJ__m ^»_____i (___!' _jj— Jl L__j! jjjjj Jj ipLuJJ ^j-t-L-u-M 
■_-! a j ,,, > -_L> -»- ' ,,il (-JLc. ___, _jj__ _>_. -.11 J_____ V nSj^\ -_j-_-Li 
fundamental - : ■■■! ■ ■■Vi c.1 jjL__!I _>_. i.sj.i --II J_t____j Ujjj 
l_jjl_*__J jj__3 (pJI j-j-^JIj j_Jj__j ijj-Aj-^Jl JL___Vl _,__.j .interactions 
Jjl_— j __jj__u .oljjjj^JI Jiu oL_Jj\« 3j_j ___*__ j iji-sj jf |_jl____ _ii^Lc,L_j 
. Ij--jj >- - i _ ". ■ l j _ j . ..I . .. Vl i__I^jI_JI » j j a - jt__jj _)i __]_ ___, 

m*__I. *.j__~UI 

jJaljj l -J___L_Jtl 3 __l_ __IjjL_JI >>-»_». J__>L- SjjJJI __lj_L_JI J_j___3 
■q otJjljJ £jjj g oxh "-^ J-" u_____ • ■_Jjlj_' JSJ Jt_-lj jl>. 

_____« i_Jjlji>j -Jjlji» (jj» £jj. li^SLJI _>_-_! L4J 3jL___« __L_jlj_i' _)_> -jj jl 
. q + g <-» q Jjj___JI ____. -jj_iL_JI _jj__JI . j-^J j_^j_i__ .4_d_JI _>___ L»_4J 

L__yf J n m,"i L_$jl _j-— Jl I j * (j—a 3Jl_vIj 4_J_L_l4j i_-Jj I fl _ j • -___• , i ir-i _j 

-JL* ____ .«,,__. < -,,__l_.Oj_- a jJIJjb. q + q + gH0 5 q + goq 
_r__/fjJI _;_ K,1l ___j_o Jl>-I ^j-s _jL_i_i _jl JL___I ____ 4_l V ,^j,„v ojJj 


_jLilj__a_l a juk 3ju_ (j_L_> .4";-- n. t>j>a Jj__ii 4jLa j_-_I li^UI 
.strong coupling constant mJjJHI (jjL__JI l_jI_ u " 1 ".' j^bW 

w 1 j*- 1 '"" n\ 3j inll j j" .i'< inll -JjljSJI __l_gSLj ^ j «i -sl 3j_5-lj 4"i o j3j 
3jl_-jJI ij-a j « i<-l i rtj i mllj _,ni jUL_-_»jj-lSJI (jLjjLiill .Sju-jJI _jJ_>. 

. 4_o j5_L~ 3j j_— \j 

a j__ c_Lj jUllj-.LSjljSLJI c& I i j ' j-lSl __}Lcl___ L___u 

jjru 4 ,,r.1L-- i_jI jjLj Ja jlit» ,Jj--»-l J-"LjJ 4 j , ,il ,.Vl -_1 jjL_JI 
j___S_*I .-.N •'■» -J-A (jjSL_j ■ <-JJ- J-J-J £_--jj __)j___ .L-ljj jUII 

-_l__L_'_'I __L_jL__tl ,jl >* LjJU. ^l (jSLJ .4_l__L_VI __l j_l_JI ^ l..j'.' 

_L_»_- ^iJjljS jl X <-Jj1j->' (jl u'*". 1 <~U_^L-s_~ -_L_SLj ol_ L_jL_ 3jj_>j_U 
,j__li__JI jl (jj _!■- (j ->l ■ -■"- » I J i l «.! i_Jjlj_> jl X i_Jjlj£ (j---J _)}L__J 

4j _L___- L_ljl j£ J-jL__« ___> _____> (___-}___ _)l X l_!j1 jSJ (jSUj . J-UL . 4__a 

.1-...1H oJjljSLJI -_L$S_« (j_« ijl (__JJ ___• X j-ui" .(jj_J-v ^L_jV 4_$SL_J1 (j___j 
3jLl_.II -uL_jIj_.II _j_c _>___U 3 ; i . « -_*SLj _--_jl«_- jjlc ._?>-- 1 --UJSLj 
Ju__L__Vl j_QJI o^jL^ (j.0 l$I (^jJo M< (____ I jl=-I j ojSLj "ujSLUI _>__Uj 
___; (^l I >j"«" j_£_l __>UL__JI ____ I j_* ,--,„;_ (jl ___j_j ^..jui 

ljufc .4-a_L_JI 4____L_*_- -_jj__JI l_1 j_L_JI (jl -4_---L_,Vl ol j-LUI _j_» _>c 
4_j__L__s>J (»l 3 i) .Inn -- (j__ilj__l 4 -, , .. -J-_>-J _) <■ '■" *VJ>__-JI (j^ 

^.-aL « jj_j» __l_j!j_: _jlc ,N u *L_j (jjjLa j_k L*jl_-! .*Uj_JI o>L-.L__J 
-jLSjIjSLJI _j__ .N d *L_j (jjjLa j__> j_klj :3_____ll «Jij-s» -jKjIjS" jjlc 
ij__ (j_s jUul . I_vS__j ;3jL__1I 4 j"i^"i II ldISjIjSLJI _ju_ (j___lj 4j~---ill 

l ;< ^ . i_jjJaJ| » j_^J . Luajl 4___)l_>__ - ■ j___JL (jj< ' 4j__>L>JLl __L_»SLJI 

a^j^SLJI ,t.tl jjlcj Ng L-jjjjLJ' (*L2j) J-^- L-aj_-_JI 

:l >cJjI_-IL 4jj_JI o>Lc___JI jLLJ ^ N Q 


_5jl9_JI _JI 5j_JI __• 

N D — _L. (N + N , + N + N +N+NA 

B 11 d c s t b' 

N n = — (N + N + N.) - — (N, + N +NJ 

_jlj_jj_i (j_a 4___LJI «j;''"!! ,-.1 j . „VI | jlc Ls_i_ — _j_jjJl$JI (jj-_J 
3_L___ '*■' i j ■ ---j ,_Jjlj£ — jI oj i „■»• (j-a — A j ■ -jt-.l '.. />jj j<j 4_ojjlj__> l_J__L_j 

"__j__»_.I -Jjl_j-JI _Ijl_.? .Jl_AI Jj-l__, ,___ -j-j^Lwj u__Ij_JI -, : ... r t 

5 j<_-ll _Ij_-_ S _I cr -i5»-j3 I oij. «N^ = 2 , Nj = 1 <__> UJ--JJ-+ 1 - 

__*- l> Ja^ •( N s = N C = •- 0 ) ^J"-^ 1 l^jljSJI 

_)J__J _,JJJj_jJ| (jl J__ __>_!__. J J i II l l"l l U l . l l jj .Ng = 1 , Nq = 1 : J TT 

jLa-JL-Jb L_Uj _>_J .j-i-T *(__- Xj 1 d jl_-Ij -Jjlj-j u _t__jlj_> _-« L___lj 
_,! ■ '!<<«.■ Lo jJl_j 4_l_-I j_JI jI jl_VI j_____0 l_» j . Ijl* j_lj ■■■;" 

J? _,_*__, -J-C lS? J**3 ^ L*. _ __j__JI l_JI oL.jmLjJI _-- JjLC l/I ■ «j<n- 
UJ? _-lj #JljJl___>j _JjIj_JI ~;ljj? (j-o JJlc uJl 4__L__j i ( l i^gj <J_1L) . __)jjjLi 
«j_*j» _, «i i ii.) La J___J <5j__ . 4_ijjj jj_jJ I 4-j_»_JI jljLC-l j J i "") (jl _)JJ ^ (j^ 1 

:l___-VI l_IjIj__I --Ijjt _j____ Ujjj oL__« l_IjIj_>- _JjIj_ l-I oi ,,,-hII --Ijji 

1 1 <j * ' UJ^J _— ' c--*- —LpJLH^ — "J *' J ' Jy-^Tj j_J . 4jjj__]|j 4j_-_JIj 4j_j_JI 

._L__ll -Jjlj_JI (> j_-id<G^_Jjlj_ L ___j._Jjlj__lol-uj_^ ji_i u 
_-_ *<-_. i/l, L__j_- Vj ,_JUj ,j-« jljuI L-IJ LlL__»_ "_j_»_JI _Ij____I o? VI 

jLxj___jj I 7l Df j__>_'l 5lnnVl ,___> 4>j_fc . jjJJjjl! (_->J jl*ill L?j"'~*LI J? J ""-.'H 

___j .5 j ,nl i„Vl ". j<j «LLjjJI "ljj___II jU_J (__ L^J l$.i ,r-i"1l L-i ji.t (____!! 

i_U__) L_Jj j»l_L« .j o", _;_J_cj L5>->j J.l'~-"il 4jjjl__JI 3_JLj __L_jj_aj_« 
- l,-»-JI JJ-JI ■ njinjll 4 nnilL) J__l (_1_. - (jjjjjJI i_i___ __l_LoL) jpS 

L«j ,N d = 1 i N u = 2 ji (_i»j l/jJI <(uud) 4_lj_. (jlJI l_jjj_-JI ^jgrtlLi 

L___a _)„ni)J .( U U d ) j_) (jjjjjJI JljJU_> (jj-J _Jj--_ .N^ = 0 L_Jj l$Jj- 


i(u d) oJjlj-< j_jj___ - -JjljjJ _L»»I TC + _^»_II _,jjjJI __£. ^l -j__I 
j_S_i 71° J-l t".U __j_JI Lol . ( d U ) j_> 7T ... »11 __ j . II j-u .X (jj-_o$ 

(jLj__Li aJu.A <Xj Ui ,„y _J 4___».}Li (j__«j .( U U - d d ) _,UA.t| £j-«_a__!l 
J__ji tiJjl j£ J£ Ja. I jl ^iiij V 'J^j-JI u V J-Lj--J *! "''^ L*-* 

.(ju^tllj _> 1 1 1 j .g.lj.l ,'.-> 

(jJ^^JJ <4_JjJ__i.l .-J-ljjJ^JI lj_>. 3j_4___- "Uj__ (8.3) JjJ-»- _K>J-»J 

(jjjjjLi jjj_ L_J 4_»_L3JI <___ cjLijjjUI «-ui*. .-Jjlj-Jl 1 <ij.<-.jjj J__JI («jljii 

1 3 j j <i a 3jl <r-> a CjI <i j <<. -w ajjj i^-ilLi LjjJ ^-Jj-M . B = 0 <_j_ijj_iJJj '. B = 1 
.oLijj_iJ,l JL>JI ___ L«_> 1L4J 4__3L>JI 3-1 .MJ I <j~il <\ J '"> l_$J I <j iri t ij 

J_L*__J (jjj .11 4 1 1 nilLi L_jL_ j__>jJU jl .'■- VI Jjj .U" i l<3 jlr i__j_l_JI _,<. «ijj 

(_lc Jlj-LIII (_, t i j .(54 miII (jljjjal ,__jj__. i"i>' dJjl j_JI _rj_-t_« j^ijj J_>) 
(___£. .-Jjlj-JI i <i j </->jj <j_-ij L^J (jjSLj (jl _>_Uj 3_ljJ_j_ 4 <il". V a -jUjjJu» (jl 

,( uud ) ijjj^jjJI "ljJJI cjIj oUjjjLlJI __« 4L1K 3l,„l,,i _____ : JLjJLI Jju_- 

.__>_- 1 (jjslji-J 4 !",<. 1 1 ___ l<jtj<i->. . <ll"V" (_-_tl 
__> j U i 1 1 1 <i III _^ ",jftl -1 "t jL-jL Jjjj (jji Li__>jj_i J__J . L_A j^--l (jjl«"i 

__|__fL__l 3j j i ,^tl oL>L«__ u yi JUaL, .4jj_3JI o>L_Ll_JI <___ SU(3) j 

2 3 , " ^t lj ~",tlj ^ A II _-<jl_,<tl |__-_T _j__j_L_" lj| 4jj_UI _j>L_L___J 
(jjjJij}JI J--J 4jjL__« tj_>. 3jjj-__ I i\ (j j". K _>_J iLjjJlj- (j_-L-jl U"<a I". 1 iijt Lajjj! 
d j U (__jj-_) (j! ( _,'<« fli . Ljj_3_ (j_-L3jl U" .a La-bjl j" r I (j_-0J (jjl . 4_^_j-»_JI 

_)j£__a ^j-wi j__"Vl SU(3) 4j_iU_JI La! .3jjj_i ___sLj__ __a La^JUj-I __Uj 

1 nl".V"i ,4 3j 3-»,tl _,_ . S j d j U 4j>__JI CjL-jIj_JI J__" Cj jL__ Lj Ijl 4_oLi 
'■ I < j 0 ->. l__JL__*i (jSLu Vj d j! U 4j_<(jj_ 4__jj-»i« 4_>.jJu S _Jjlj_JI 4_1_ 

. LjJj-S VI J\y>M\ C^-\ (_-3 V JjL-JI op» I j^J 


-j-ijjJA t OjiLl i>j_)L_(,l Lj| «1J m-»itl _) % i 1 i-*jLi : (8.3) JjJ->- 



-Jjl^S 

MeV 


_Jjl^_ 

MeV 

p 

uud 

938 

7l + 

ud 

140 

A° 

uds 

1116 

K° 

d~ 

498 

A ++ 

uuu 

1232 

D° 

c u 

1865 


uss 

1315 

°5 + 

c"s 

1969 

Q" 


1672 

J/»F 

c c 

3097 

A c+ 

udc 

2285 

B + 

u"b 

5279 

_0 

dsc 

2470 

B° 

sb 

5370 

A° 
A b 

udb 

5624 

Y 

bb 

9460 


"i ihllhijjA&H «iit >~ut 

(__"JI JjJuaJl -» • Jjusl-ce-) 4 j i ii jl-il i «. ajj_fl_j'l CjI jjLjJI i fi t njj 

.Q + Y<-> Q : li_*jt_ __Lc Q J^ h-">L__)I u^- Y uP>- 

J i I — ^ _-— 1^- 5 — c-l j "-»1 1 aj—A p a n'i . j — jI — lJI ____ I — <___j 

c_jL_ • Q + + Q~ + Y <-> 0 Q + + Q * <-> y j Q* + Y <-> O* 

j_fcj in-T-1 -_±jj_$_JI 4',-r .t.H jA __lj_L_!l tfj__> (jjs _?V j-L-JI OjL^I 
4 1 1 ii j V>\ i« ajj II __lj_L_JI i f I fl 'i i~i ._5j__tl jGLii) (jjL___l C-J_i _)_a j-i__o1 

Ui? VI .pl-.ol-.y - d j u urjSTjl j_JI _,-,;-• .t. _,V ^j itv.ll _-_JI *_jJjU_ 
'_/'j "' .' - m J «jjj-jM 1 JjLJ -" ,u,; ~~" _T JL - J k* ■ *-<.•■" conserve J____>Ji 
. 4_oj^£lJI 4 it miII ■ k ^ Lgjl _,fl.' '.'j 


ijj-— -J (__l _jljj_iL>JI _-* 'j J « "II jL-v I-) i4jj__JI _jlj_i_JI cUM inj 

(___> 3 j ... jUl ; ; j< II _ilj__JI i__.L__j . 4-^__l (j— — i L4J _jL_jlj_> --IjjLj 

— -Lij"i mI "rljj-JJ i4^S_JI _t" lii L^J i_j_jljf> "HjjL L__ut (jj~ iij jJI (jjjj__ll 
4jj__JI _jIj_jL_1I .4_j_s___J W -jLjjj-ijj .4_^_]| ____ L4J 4jj - ,1, « 

jjl_Ij ___j1jS_] __$S_JI conserve ___»_ ,__> -_j_-L> .-j...jUi :.„j J d <tij 

__L_>j_Jj_ij_i_l Lol . 4jj~ i'iU — iLjj" 1 jltl (j-a 4j^L_II </Jjj_'I _,_> JSJ _-ij"M jlll 

. Ju_JI j\j_- j-*j J_-j_i (_ L^jLa 

<-_»_*_) «_i j_'ut 

4__jjl__JI (jl J * ^ I) _)~Li— Jl CjLijjjj ___> -l__i___JI i_ilj_l_JI __>L__j 

oLjJL^J --Ijjij _jKjIj_j Z J_l___.l ojjj-Jt oj^i - Zj W" j W + 

_jljjL__l j 1" » " j i Ljjj__ _ij_j__1I Lg-i _jj__J ____! I 4_bjJ_JI _) n ii i j 4jj_e__- 

4_>.j _,!_ 4jj_____J.I -jljj " j jl II j _jL_jlj__J "< ; - ■■ ■ "■ jC-, n 4___L_- 

I j_L_U U L_jlj< __1_J 4jj . Ij__ 4j__j U _)L___'I __!) J___ .__>j___JI 

JJ_j Ljj > __J _,lj,d -Jjlj-ob.u l_jlj< j__jZ(jjjjj 

_____ 0___j-LjjJj_l_l _)l j-_ __J_JI 4_1___> (j_q JuJ-jJI . I____j <Lijj__JI 

. 4_$S_JI _)_i _j L$J oL_jJjj_j_jj -rljj-j Z (jjjjj _ij " Sj . J o _ «J I j-j-_- _)VI 
_jL_jIj_C _ljjLi «jL—ijJjj-ij-jJJI _jj " 1 7fi . W ijjjj j_~ JL_-JI ___ I 0 < j 
_)j_3j L^jt L»< .4__>L*_o 4 ;~- m i I I _)j_j _,_J _;jjj__ Ijl_j '.3^< ill "______ 

I . I j « i i(j-J 4_U___>JI 1 jjjjjj_u j_>. VI j _)j T 1*1 rt % _K ■ - — — - 1 i4jjj_ijj £-1 jjl £_™ 
W _-)jjjJ ___jL_j _)? (__ 1 1 (j ■ ?■> «j £_- _)_Lj_JI —jLjjjjj (jj__i i_jIj_1_ _,_, 

:( _J_JI j__i!l ^ _jS_ 

W + u + d , c + s , t + b ; e + + u e , Li + +1)^ , x + + D_ 


L_.ji 9 _ji l3 j;s J --ii ( __ 


4______iJ J_-L_" J_C j_a j_j r.j - J'j " j-.i V 1 4_ijLj 5 j_-a L_s 

W + «-» u + d J___L__JI J n-.^.j .J_UI Jl+_- _____ ._o_-_I _j>L_.L__Jj 
. I j_L_j . W~ <H> u + d j d + W + e u j ii + W + H d ^ 

j o T. Upf (___) 4 * j « .Ml Cil j_L__J -j j „ 1 1 ol , ,„ "II 


,__L_jlj__JI ___> 4_$__JI . j j < " a _jVL___I jJjj l_$jfj .o_ftj_jj_jj.il 
.-jUjjj^JI ___> (_J 

i-i j -- o}L_? «Jjl jJI CjIj_L_JI _--» _,jLl_JI i_ul jj j^J > j i "i -*i 

(j___lj I "i *t> j -_■■■■ _Ul '« (jjL__JI >~.jljj jj j__ (_>__j _—- jIjl—JLI 

J___j_ : ljuj___ (__*j ;*L_u__>JI *_jj_i__J 4 o jU-tl _jIjL_____I Jl_-I 
(jjl___JI (-JJ- _jf (j-a (_-jJL .1 rtj - i^it lj _, . . . jl-) L- i ajj _*nI I (j_jj_L_JI 

JL___j| L_jl « I || (jl _J 1 l_JJJ__J -J__JI (j ii <1 i I <______ Ij __ ■ ■■ jUI '« "Jj _^tl 

_jL_LL_ jl__ _,-■■ .Ul,._ JL) _<tl J_.Li_iI l^Lo I jJ£ ____>! ■ -....^ll J_.L__JI 
4J__ oL_L__j 4-jL_a 3j_j__o -____ _,;»* l__ «4_____-t_a 4___» . 4________a 

US" _j___j .4_Lj J ___JI (SjjULI) _>_L_JI -jUjjjjJ lo». -_JL_)I Oj-L-JI 

"j J J*L * I l_l"'\l 4_1JJL___JI _j_iL_JI L_J_ijjjJ (Jl_* (j_* i^yJL-ll J___Jl (__ (j^ I i I II 

_U_j_J _yj| J__JJ jj iii^II __)UL__a ___ 4 miiVia i_>L_L_- JlLc j _lV) lj_>- 

. JL__j_l ljU 


l_Us- _—_i (j__ _>_U_i __ic (_,;, * <<jVl i " - _____ l( _tL_JI 

(j_jU__ i__Ljjjjjj i Uj U j-ijjJ j-jj J 3 *<j — * • " ■ I '. j "■ • _■ I lijjLj :l_L_jIj_JJ 
.-.1'.^ __jU_j :4_j___L_- _ I j_)L_JI ■■■ «f (j_a («____ JSJ (3j_)L_»_a) 

4jj_ij .2 j ... jUI :« fl^*l ■ ' ' I j * I "M J__L_- j (jjjj__)j i4jj__JI l_jIjjL__J 


cl-JluJI^- 

Sj_a Jj_JI __ij_j .4 njt.^11 -jl j_L_J (W~ , Z , W + ) 4«jt.V> -jLjjjj 

Jo.y.l collective ^wJl _-*jULj -^LSjl _»-> L__ ^---'j L-i 

__L_ 4 ... n'. Jj_-JI inijj '. _l___Jtl fJ ,„ -Jlj ^ . ... -Jl <j_a *>L_ 

<4j __j v (^jJi j Lojj-a- JjI t'i,i i£j9j_i.i ijjjj-Ji -°i • L_aji mIii 

_j_JjJj_jjJlj _j_jjjj_JI _r_J il___4jl__ 4_«____J V L_a 3j_J j_j-__ Ij 
J___J .")! a j . ii ^ll «__> _J (j_a (__jJL (_——_- 'ijj - — J— ijjJ— kj _j_j_j_jJIj 
_>ja "_j_La _jL_JJ_a (-— J • 4_ 3jj_«J,l 4jjjJJI _,jj _jl a j . .. — II j_i_>Vl p— ■ -».11 

._ J _jj1».j_jI_jIj_ 
ijjill l_L~_jj) _Jj_iJI jjLJI 4j__j_a :_n_L_ ,__lc 4_jJ_>JI 4jj___I ____ 

.(quantum chromodynamics, QCD ^SLtl Kj aLbj j-ajj_? ji .4___>.l 

<j_a J_ul Jj____j _;L) 4_jj__!l JjL_j («J .4__j____jj_g_JI Jl_l_-j_JI 4_l_>j_aj 
4_aL_JI L$jLJ_U_ _,__u 4_a_->Laj 4jjjQJIj a jaj,„-OI L$__j__a <_JJ "jL_)*1 
(3-a-_ -i (j-l j °i 4 j llLgj 4 j i i (j_. i ii 1°?.^ ' i__j__, __ij__i 2jJ_j _ijj . "So j- t . - sllj 

jL__J j__j ."_JL_l 4_u__Ji jl___i <_JJ a__j__j l___j__ _JJj __J l 4_ !> ___i 
lj__ L_x_ (a^jjj-*-!!) 4jl„ttl _jIjL__- _1 J_ ._/_l .--»■ 'l5jLj-JI *_jj--JI 

— 'JJ cj-^J 'J-^iPiH— 'L-J Ji !*"'.' I a j *" L_jL_i Lj_JJ Ljj__t (_— — II — jlhii -y"*l _JJj 
l_iL__I _JLi_ 1 1 J__ -_a _,". -- . JuJlj_ i_oj_>_>_ _ijj I (j"a»*>Laj I J, ii j j^y" (j— jJJ 
La j— _J ,__ 4-jJL>JI 4jj *"i i 1 1 _r* - ■ *->*' 3jJj_i_> _,_ j_j_ji_JI (_JJ jc _G 4_c j i". a 
(__L_ j "i -»■" i4_i_>.L (j-a i Lgjl _JJ j . 4 I a ".'*' a j-J_i _r6-2 ''LL_-jj 3j_L_ j-j->? 
a___jj| i__u__j 4___ j __tl j_- i4__jj_a j-tc Sjj-u—j J---J — jlj—aljL (j-a _UJ_JI 
4_- j (— J— . j j — ■ JJ j j * j La . 4_CjjjJ,l J——JI I j 'j ■ (j-a iOlj_j_aljl_JI fll_b ^yi 
(jjj__JVI 4_ll_ _nj JjL_ _;__a (_3 — jIj-jj L^j? J_— Jl aiu k (ji—-J _poj_i__iJI 


i_3jJo JLl^. ^ijj 4j Mi^AlLa j_lCj I J_». 3j j < i (jj_J (j I J o~i tj ^^— 1 I J-ijjJ JJ— ! I 

jrjj^iJ! (jpa <-JJj cr^ 51 iU, .4___l (j-L-U ^ Ijl^ at/j.^H ,*_i_JI 
,gravity -Jl__JI (jn.yij V _;jLi_JI 
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(j-A l_$j <_-__-) ,___]! 3-JJJ-JI _)JJ l_)I o j i i i -*l l 

£jjjl i nl"i-Va ___> _iiljL__a ___>__ I_l>. <i\ui'<-> fL__t 
i^jljs. __.l_.l__c --jl_- jl .detectors oLaLiSUI 

I jj .ijTj-j-l 5 j «i j n i -w (3>io lS^ I d 1 " "' J t " ' "' 

J_S cjli W>La 5 j ol o j.m-nII c_il_J 

L_)lj _)J--i LjjLs 3jii" infl j-J-C C_jL-C Ijjj i3jjLT__« 

<_j__ , i t"") . Ljjj_i5j 5jJl_*_>s J---J S_.ji_*_» jL»__.t 
c.Ljjj_^Ijl_>Ljj___J)JI - l_4i_ 2__j___- 4_j_cj-3 
-nL t «_ - , ' Jz 3 jI-l-cL - oLjj3j_l_JIj 

j_j_jS_!I («JL_JI ___> L_>ljj !____" 3jLU _)j___J 2-j-j_-—> 
,l_)L)jjj__JIj .4_j__ij_jJI L-il j -»J (__jj____jj-_>U > I) 

(«JLc jjj-o i3j j i *C jIjlcU I j iJi <j 3jj_i-L_a 

.4jij inll 4j___Vlj jjjIjJI l_iL.jjij) _$jL_JI C j___JI 

l_-.Lj.JI j? ,n -n 1 -jl_____Vl -_U- JSLt .(I_lSj_j 
^J-^-UI _$ > J____J,I _____ ( «JI___J , _ ,■,. „ ■ > JI 



, r U__VI _j__*j 

L_JjUl 


_Sj __JI,_J_6j__l,__> 


<l£».j (jji i_-laji„-_htl _|L_i i__Jj j_aj . l_>sl____il <-J--*J <S'J^\ >* (_r^>^^jL>^-i') 
__JI j-1 <i"ii»VI __J j j_fcl___a __ J_Lalj . 4_ijjt 4j_>J_j Ol ,V,a ,~,,„ jl 1 4 " , j J _- jJĕj 

.quantum fields (__JI cjVL*x 
cj^L- __l j -_L-*_" _^VL>JJj ol nj,„->JI j_a_3 ,4 ,<i,„^I 4j__L_I _>« 

.4_L_aj 4___-J J_? J___ J .-_*__ ___>j_a (-9 _,j_-_ fj---a ^J i.i > (£--3 .4jjI ,„". a 
(__ajjl j j <"i 1 I j .(j-ajJI £-A ___>jJLl i_JJj j-jju 4jii j< __JJ JJ* _-<J aLjjJI 1 <V i.jtlj 
JL>JU __)j_*j iJ-iLSil __9 . 1_jj 4_-____U Sj-itl _)_)lj_-j (jjjjj (j_lj__j j»j_L___a 
_jl__U jl J-Lal __k. 3 j a"n„a 3jjj__j JjLj-j 4_u_? 4jL d) (X, y, Z, t) (_.<j , -M<-t| 
J_ <___■ (jJjJI _JJ JL>JLl JJJ- 4-j_j_ jjjjj jj_ _-<j«L-jjJI i__Ji$]Ij .4_< (_Ij__JI) 

4jL_ ,_.__U ,Ua;Uj n -n,i « 4jjL^j V _____ _.*_" I jJ_jj .space _,l__U _va ___>_-* 

4_.}___ll -_l_».jj jt .4 j<j alijjJI CjI j ji"U <j_» 4J j____». V L__ JjJ__JI J_»jj 

4_<l__Li_ __VjL___j 4__aj__*_a I <j aLujJI . degrees of freedom (4jj__-JI) 

4j,,,jUL__Uj 4_uj_^_LII __ VL>J.I jj-a 4-__J Jjg 1 „<La __ __L_a JLa i4j__j_La 4_uj_». 
4JU. (__a :CjVL>J.Ij CjI aj1-7.ll (jj» JS _--- 4j<jaLujJI 4-ajUiU _;>_>- _iij__ 
. B j E (jrtJLajj __tl 4_3___^/L 4jj-y i^a CjI aji„> i_JL__ i4j 1 „jUL_-ajj^_Lll 
__L_>i_M J-l__ iVjt S4_f__lj_; _jVL_j__» _j> _LaL__JI ,__ t jll _j___j «-^ 

3 ,< , <tl , :-, t l _)j_j ■ *•■ ■ ^ ,,-i l n , ,„ -_ _,_« _ « j U» ; t !___, J____ _ . a , < 

4J . Jj j j_n"tl _>SUj .-jlajiiiT-ll L_tj__ltl 4j__Sj jj_sjII <— il ^ ->" a ___> 4j__,L__'l 

4 j a<J i4_ajU'i U 4_)1__ JLa 4 o g « lSj-*^ CjI j a< _>£■ 4 j , „1 n,- 1 ! -lilj j i"l,l tfju_ 
4jlat; |»J--J _)t <-j-a-l _j-_< U t4_*C. ^-J _;jJI __Jj tj--> __3 . lj_L*j i4jjljj| L^j-jo 

operators __l j_j-_ __JI _d j_a__JI 4_l__<j j___jII _jI j j; - , « Jjj_«--j _)Vl 3 j _.<"tl 

j-_>_Jj_-_- J j"ifl" __3 L_L___jt (___II -jljjjU u j__ (4_t_j_3 tilde 3jJ_j L4J j-ajj) 
O^l r.-r 1 mt 4_____l JLa ^jj-t _jljj;-,a _____ _Uj_< .(j-ajJI __k J_a-1_- V 


pSJI-.UU- 

(—LajJI LAjjiaj 4j».j_a 4JI_ __9 jjjajJI 4j_Li ijsjJajJJ 4JL>. 4— .1 jn-> _)_-9J . c_jljjj-i 

C^^jlJloLii^l^ ljj*JSU^L.Vl.(4.19) j^jjj-i^U^^^l^ 

JL>.V <_Jj ■>* II <j i i < i jl jj-sjJJ jjj-« <j! <"■ ■!"*• <-_j-----l 3 j . g < j j-_ajjl (_jljjj^a 
.(Jjj.^1 —jl n j i ii ->1I ^j a-w iijj_>_i 4 j <i <j j___jji (jjjjj-a jj» JjLjjj CjI <ij i u ->J1 
:__■_ <j__}L_U jj_; -U;p.jJI 4jJjL_JI (jjj-ljjjl _)J__i ("■!'"•?• _S^ 4 nn"flLi 

[\P x ] = [y,P y ] = [ 2 ,P z ] = iti (9.1) 

4 jaCi __J <_£. J-_J j_>J_jj__ J 4j_Lj_a -_a 4 « a~_,-y-a 4jJ_Lj_JI ___-M__J| a j__ 


S >_ll wU-_*.t$ i j__lt M^-Ut 

JL^J.13 j „<*l4 . ,„;ILj Ij-y» I , ,,. „'.c->.jJ-Sj--Lu t - i l i __--^l--. 

_-VL*_a _)_J 'I j<j,„M< Li^sJjJ ___)! 4-JUJI LajJaJil ___> £>j__ ._,,njUI iiajj^_JI 
_>_s1j_.V 4_J___a __lj___ ____ 4_)JU L_jI__jI (»J - I j<jinX-) j (jhl V - _ij_-t 

4__-jIj __V_L_t ^ ,nVi l_iVL_*_<u J____ _____ __j___j . quantization 4 , «<r,\\ 

_j_,L_l_ JLst-a J-kj :4 j «i jl i" _)_slj__ _* 4_a-__j -t-j . „; -Oj-gjj Li-A Ij-Jj ■ I Jj ; ■ ■■'■ V 

:4Jl_J| 4j___L__JI 4J_L_JJ ___j__M__j| _;yi,iill ___. j-t__~j d) (x, y, z, t) ju>.j 
1 a 2 (t) r a 2 (t 3 2 (t) i 9 

17?" { 71 + 7^ + 7^ } +p ^ 0 - (9 - 2) 

Jj_3ejo (j-M -J ;"' - :I J i-JJ_ Julj L^Lij-j-S _> j ■ ■■ "■ p O-iL-JI ■ ■ ■ ■*<_ -_!j--< 
(j-ajJI j_a 3j j i * a j^JJ- (jj-> J *j-*-> __>L___i_>l (9.2) 4j_L_U (j-a Jg , nj .jJLoljL 
Sjl_-jJ 4__L__1I) 4__U_JI 4__l__- . JLaJLI 4__U_ _Jj_-*_« L4.I U-_Jj__j _>--«JJ 

:(__, 1 ___>->L____.VI «___ JU__j ^jJI 4__-L__J.I __jl_ _,__- <(f_K?-»Jl 


-Sjl^SJI 5j_JI o» 

"= 2 7> { ( M)M |?)M |* } <«> 

.Hamiltonian density «pLujM. aL$Jl 4___» _L__I .__. _,«..,) <__j_, 

ijrulll _jljJ1 _-j__JI 4_a<j i_J j_s__1 4_i_a_ ___flL__J 4_L_« _-L_Li__ __L_. 

.JUdl L*4_-_j 

4__. j ,',t')j _i . ii ISLtoLyj __JI i4j_»__JI j__ _L__jV1 Jj-u-u _-_=. i J__ 

__a (9.2) aj.LJI j__Lu L» . V (x, y, z) j_g_>- ___ _t j___a m jlj_-j ^ j , ,. > 

:_>jjjj 4__ 

8 p x = _ av a P y = av 5 a P z = _ av . p = m ___ 
"^r a x "5T a y ' "5T a z ' dt 

:^L_ jlUUJI jl .IJSJI -_jU_JI ;__ (9.3) -J.UI jJ-Lu Uj 

H = _L (p 2 +p 2 +p 2 ) + V 
2m x y z 

SjJaL-a __j_o 4_i*_ __ljjt~a 4j}Ljj Z .y iX j-__jxi _ilj jt~ a 4jj_> i_JLi_ 

-___ <__. -__>L_1I ___-jJ.I c-lji »-,« j i IV, <(9.3) 4j_L-il <__ . p z <p y .p x 

JSJ 4__ Jju-aj .()) (X, y, Z, t) (j-ajJI _a Sj-u-Ia 4.JL*-, s -jljjii- _>_a 4jjL$j V 
£_a , , . „1 r.-i j»j r __>J| _Jj_>_ 4j__ _iL_j-- _l _L___I __JI , I jt'i . _1>-JI ___• 4___u 

<__• j_j____J| Ll_C«j 4_iL_. tLlij .3j__LlLI ___>jll __l_j_|jL_-y 4 jiojJI 4 ~- .MJ 
d(|) 

^ jJI b_j j-*_JI 4_i__.„ j „ _,j__j — _ tc (x, y, z, t) 4_ii-jj| 4 ~-, ,UI 

__ ,4-i-a— -I __-l j-_ - :__Jj L_ -I j_i_l __JI I j___ e-_j_j . <}) (X, y, Z, t) j__Lu 

_uj__. __Jj __ajJI ____. _,Iju__. _ rc -> - (x, y, z) _ <|> -» <j> (x, y, z) 

<~nin1 CjIj_jJ.I o_$J (X, y, Z) 4_li__!I _! __._ .__>jJ.1 __L_ jj Jaiia _^H>~ 

JS__ '-_lj— Jl L*__j_ _j__J (*j-)jj 4_aj__ _j_— _a ___s L_|« ; l_$-l ju 1j-j-~ 

__L_}L_- __j__ (__• _ _l 5j___ll . Lfci _>_>L_-JI (_1L»J,I Lbjjj-a _ij-oJI t_fl 4__i 


|__l_iUla_ 


(___j_j jt l-JL '1jyJ->«jj '(9. 1) 4J_L_,l (_a 2jj>jJ,I _±_1 SjJ_L_a 4jJ_L_ 
,___ jL__'_I ._jI jjjJtl . j_- commutators 4jJ_Li_JI _jL__L_I £j_». 
(^jLil! _>___JI Ijlc. U_;_ .__-.-i-.v. <. ^-ur, ji U_ U_, (jl >ijil u- - I M -« 
oi l__*j !1_ _L _____•_ 1 __i__j (9.1) 4JjL_Jtl UL_ . [$ (r), K (r')] 

__L_ Ijl itl _JjL_jj .(j_~i <il~i V a _il " j -■ lj-_l (ji"i Urtitl __L_ IjJ lj <i m i_"jl--J 
.(_£j_-.f 4j_-lj (jj9 ^iriri j--^l _)L_ i(Jin"« <:Li___JI (jV IjJajj . U— U— _)l"iU,"iill 
j___jj.l jji_a J___ |J__>_J .r |-, j"nj . [fl) (r), 7C (r')] tyJjLpll ___LJI jj"nj _jt 

w « y : <j jJI -_L_I _LL__I (jj . r _u-.;tL .u. j ; ,,-tl (______, ,___- r' 

. 4__ij £ j_u (^ jJI (9.1) 4j_L_,l £-a J___ Vl jj___l jA itl jl J_JtL> 4jI jL_a 

jMiu. L_»jl-_j ___j jLUI iJSLII _Jj___I 2U__j 4_J_J1 4_U_J1 4j-_. 

I j i i n (j-jj__LJ,l (j-__L_JI cLiajj (__-- _)Ljj_ej _)jLa__ I «i 0 H !(jjjJjA-i (jVI 

_.__*>__. (>__j .7t (r) j <t) (r) j (jdj__L__Vl (jjjjjUI 4J"_jli I * 6 te 

4__j_JI JjI .ii a £_ J~l i'ilt t-JjJJoJLI J_ j_ !j-_ i_, j "i'il . 4 _i ...I .n.l JjU_JI 

4_L_JI j r. ii ,_Jj__JI JL*_j 4___U a ...7tL» eigenvalue (5>j_>il) 4j_I jJI 

4_jL__a . U_JL— sj _-— w __uiJjLj _ru_L*_ .~-jj o ill ljL_ ___ .— Jj— — ll I 4_l__j 
Iju- ___ J—>JJ ,4_i___lj 4jjJ_j 4_)V 5 , ..,; tl . JLsJI 4_J_ _)j_ 3 (jl (-— J-ij Ui 

. Lv-ju_j (j5_>JLI _rCLLa_JI (jrGLjJ (j_jjT (jLul j (j_JL- .<_JJjJ 4_ej_i .— jj__J! 
(j_.UI) Jjj-JI _j_j <^_J 4jL_J -U...,. . „>__ JL-.a 4J_L_4j LIjl j__ 

(j_4Jj . 5 tj j , „ . 4-jjl jJI 4_4_j_— Jl 4Jt___a J_— i l__— j . L__jI I U j , „ . ____1.| 
:__J_J| j___l (__L_ -j__jj -LjLill 4__-jLa 
La (_— J i4jj_a___ _Jj_>o 4_uk-J 4jj_j___ 4_L__ o J j *-j 4JL>. _JL_ ( 1 ) 

j-j__JI 4JL__ L-^jJ .vacuum state «*>L_- 4JL__,, ji «j_lj__ aJL__» ___:jG 
.nothingness jj^-jMJI ji 3 m.^Mllj 


^ jl jSJI l^J 6 jiJI o» 

.continuum y '«-n « p <_J j_*_JI 4_t*SU 4>.j M .«U 4_i_l_JI ,<u__JI (jj__ (2) 

P 4_a^L_a i_Jj__-_ dj _J V JL>j)J .3jjJ__t_a JJ-C __L_L>iJ Vlj jjjl_all _j« ~» (jl 
:_-_- Lg__il__> -Li__>L>. 2JL>- 

E= \/(cp) 2 + (mc 2 ) 2 

m =tip/c __j>. 

_3<i — T) __lJI 4jj_j___JI 4__L__ - _Jj___JI 4 j o< 4__>L_. __-, ,I/-.i iML ___» 
jj_9__a L$j| (jic. 4JL>JI » JJt j " » <i"> (jl (-j_j_i__II (>o .m 4 "ri<_;_La ... -v.J 
La 4 j<i j< I ^j . ii-t. JTj->- J-- ._?-L>-l <fl J . 'i > 4JL>. Ltjl _■"< f I (jSLcJj !i_UjJ <____> j 

.4j Lijj eJjJI p j_^IjLJL 4_J__ o2_j 1( «__l JL«(j-a 

. p = Pj + p 2 _J j — =-_; 4 j « < <_jI_ <_ J V___- (j_~ 4i_L_ j-__>.jj. (3) 
( -JI > _JI _____ E 2i E, _jL__L1_JI____PjJ-_j__-.E = E 1 +E 2 4__L_1_j 

i_>'_'1_-. _ys 4_jLc «ju. _)? _-__-lj .<OLcl (2) 5j_i_JI (___ US" p^ j) Pj _g"<j.a<1L> 
.p 2 j, Pj -_!j___J1 4_j^j^ ,j,w__>. __l_ 

JSJj .--Uj.-tJI _v» 4___JJ _la_.Vl J_J -_-»_>. cilLi-i . I (4) 

(__)L__>.[j} _Jj_t_JI _JL«_>.I __-JJ • L$j 4i_jjjll 4__-L_ j) 4j 4__L>JI <_> j_»_ 4j_-_ 
. Sjj-iil CjI <ij i ii -».11 "I j ■ ■■) _**»- _,! <^>La» (j-a 4_U_JI 
i <i<nj _JI _,<_"< '<*> 4 j -vjj <i <ll JL>J.I 4jjJ__ _jl . _jlj_>.l |«j La j i " r I 

^ ULJjLu (^l ,«_JI 4_>jJ_j (___ L!ju j_J .5____JLI U_Ij_-I J__, <--l nj...-. 

■ 4 < j « a 4_aj) k '< a 4jI __9 _J_«JI 4-aji»_a (4jj < < n'i V) -jl « j i « ~- 1 (__JjV! Jj m iill 

quantum «4_j_«_JI ,« -yJl _Li-l_j_«» (<__L 4_jJ__JI _li __JI j j ,*;■ \ L___ 
4_jj___» j! «a j o< Tl JL_>J.I 4jj__J,> JjI n a (___ .particle mechanics 
4_j_>._j^__JI JL>J.I ijL-_ («J .quantum field theory «__VL>J.I 


p&JI CUlao 


_-l__" Sjj__ _y3 l^jl__a <____ j-$__ j! __J_*J (_$_ :Jj>U_)/l <__lc CjI «j i.i -m 

g__j _>«' j___ ^jj 4LL3 (j^l w i : ■ ■■■_-" _j_JI oj-jj ! JL>___ quanta 

SjljJ_c _j_L>JI ___ oli iin -»,11 _,! 4___fcj j____M Jljj V .4_S__a 4 n 1" V a 

_►_■_> L4J _,j_j , , -,j - .exactly identical LaL_ 4 ;,iu-. „ _,j<_. __| „j ,„->.ll 
j^wjj V .,_JL>JI LUlla (__ zero spin ^jni^ll LiLtl ,_>___ UJ _,j_jj ^aJdSLJI 
_— «-jj V ULc > < i'i , ,.j «___, 1 3 ...->" II ,„ -«.II _Lul_LJ. 4_j_i__JLj ,4_ij___JI <___ 
_ij__ ULc ' - _■"■ ■ ■■_■ .___ j->-jj _ .JliUI Jj j , „ ___. 3 . .1 U-, - __Li j,„->. 

-jj m 1 (jr>< 1 (jx. I 0 i^»«j 4 iil~iV a _j_jj___JJ Igja , „ i (_-_-il *L---V| ^ . j n 4j_- 
i-il aj,„-*JI jIjlc! J_L _liVL-. 4_^».jj_-_JI JLjJtl 4_jjJ_j __3 J->-jJ <j-J .__cjlj_a 
Lajj . j_a VI __£) jL-i- LiaLa! _v-uJ . LaLaj 4_-.ll U" a _jLaj____>JI _)J_— J . 4__>-a J , I 
__Lc 4la'i miU <JjLjJ_JJJ 4ji„;1L 4nll Va ^ljj! i_jlj oLl-j. Sjlc __ILi__ _,j_u 
4___«_a jIjlcV __VL-_ _JL__ ,4_ij_i 5j_a _,_J .__VLsJ.I (j-a 4nl'V a <v|jj! -Jlc 
. LaLaj 3j_-lj 4_aj__U ^IjjVI jl J__! j_j__>.j i£jj JS, ^j , „■«. <j_a 

J-.--.J 4 a fl j a Lgjl <___S 4-j-yjj o ill LjjjjJaj j_a 3j j j*C II 4_j_l_JI <j-4_-J 

.j-jL___ 4_JL__ C_j_? jJ L___ _jl aj ,„->■ 1 gj'«, -JjL-i-J SJLcj Lul 1^1 a"ifl>VI 
L-JLej l___-JL_-l (jlj a j 111 Lajjj ,(jl aj,„>JI ^_L___u _J j_aV1 4 rtj n - __fl 

_v__.jj ,___ti (9.2) 4j<j,„M_Ji JL>jli ajjL-a j! asjn - i ^^-C-j .j__vi 

>L>. _jj-Lj JjJ_»JI (j-a 4_L_ __$! >v_v_w J__>L_- :4_1I___ ^-a-JI j-jj_*-JI I <j jlr 

,free field theory j_pJI JL_>J.I ^j^J-J u a , „j U jL__a I j_* . L__j! 

1 aI al", (___JI 4_u_>L>JI 4-jj___JJ _jJl_— j . _jlj-3Lj -j_>-J (j-a 4_JL_- 4jjJ__ 
4-_>.jJlj J J ■ -II (jjs (j_J ,mJj____<_ (__J CjI j 4J_I «" a CjLjjjj ' ?■■-«' _jl LL_ 
(«j_i Cjlj 4_jj_*___a ■-■! 1 j ■■■ S-JjLa-a 3 _■ U-L __L)j___ _, ,,i i" _)! 4_i_jl_i 

_jLj__-JI (jl .(3jLjL__a) 4j_L____ -jUj,,,^ __JI 4_.l___VL .S__ai__ __J 


uSjljSJI^ISjSJIo» 


. 5_a 1 t'<~ia L-il nj i j _-l nj i n>. 3jj__j ___ l_gjLa_^ _,l-it"i 4 'it i*i (_--"• ** 1 «,"' '"'U 

_;j" iii a _-J_- __-__- _)t 4_j__L_' 4_>.jju J^ I I, I I _>* '_>M 3jU_>JI <_-1cj 
LgjU--' Joi .-i.-i multifield theory 3_vjj_c __-_'L____a 4_>jJ_j j__J1 JUJ.I 

.liljj-jjj - ____>ljJI (JLtJI ___ 4_l_jL__? LgjLi Jlo-jlj __-JI £l_>iVl «_j <-->■ __lc 
4_jL_j _;jJI -___jll _)__ij j_fc l_u_ . l_jJl__j (-J I ' j ii! _>__! . Ij_v__j .oL_jlj_> 
<LJ^I "j"iinlj 4_>j___j _-l oj i ii-w __!j_*__i i_JLi$_i . 4_l_v_JI ^ijiii-*.JI LS-uKj a ___l 

_jj)__i jt jlj>L_ <J___ _;t -j->-j o_» jliV _jL_" lilj . I <j i j i _;j_3 jl_».j_ («J l_l 
_j^>-j 5jjj_j_s __a 3_L4__II JL>JI "kijleul 4_j__i_JLj j__»L_JI J~ o ~. i ._jj_> l_!L__ 
-.tt :__! j i^LjJI -_iL ___.j :field interactions 4_JL____» __l j_i_ 

.4__ji___J 4-J__>L__JI ___ , _L_J,I ___ 4_J___ j_u_ (_JJL>.) 

Wl J-TL-Jt 

StjiU _jc lji.,,1 4_l*<JI pj.ii->.!! KjiKjl r UI _,K jl__VI __J_i-j V 
4__l__»dl 3j__JI (j-_lj-_l (jjSLj _jt j-J-JL jj-Uj .__L__j___->JI __ic 3j_jJ.I _?j>_Lll 

_jjJ_JL _jLj_ Jj ■ (jj_>J SjJaJI (jr_il J-> _)"-■« ; ' a . I J_*- 4___l_e_a 4^Lj_i_S -ljL-i 
4 ii i n ~ a J-l-M _--_ _)_>-- l-_j_i_i 4jjJ_uJI _j£J i_Jj_>.t _rL)lj_> _>_a 4_iJ Li___ LjjJ I 

^ L»U_ . nl-.y a j_»Vl . pathological Lu-»_3-« 3j_JI _)jjL_ ^(JL l_pl_ 

___JI _dl_ _____ ■Li.lj-ic 3jL__>dl j_L_JI _jJl_- _jt __Jj .__*_l_>dl Ji__ 4jjJ__ 

L»jlj 1 1 j"'ljj j a 4_l___I j j j f (jj--i (jl ■ t- * *« (jSLaJ -* . Lj_.l__> 4 a jl i n j ' ;"■ 
4_|_4_JI JI->JI SjjJoi _)J ._?j->-t jLLtj 4_J_-I_ __L____I_j _>_«_____ _)t Ja" 

4j<Kll JL>JI 4jji_jj . -Ij-k. Ijuk .l_JL_J,I 3jj'i<j Ijl>. SjLiia 4-JjJ-j 4j^j___JI 
JL-j _)ja 4 j t q I j CjLjJ-u Jl_>.JJ _* . *(___-- '■ J - k • LjIj ''-'Lj 4jjj___JI 4__IL I i n j t 

. LaLaj J__1J iijLa (jjS_i 


f__JI _>Ul-_> 


4 j -wjj n i II L_ujJ_j j_« J-__Ijj L_,_ ,—_j4 ir-ii".ll -j__ t j * i nl J— *J 

__!! <() 3 -__a l_uj,L__a fj_- . n iM . IUj,„> bpl- I J__- Lfclt . aj.^ij .-1-1-»-«- 

j_L_l j_>. L____l j__ jj__ ajj__jJI „__£, . (9.2) 4jjLt_«il j-_q Vl _9j__JI 

:(9.3) -JjLil Jt jL-J-L~UJI 4_L_ ^1 (jrJ- 11 

H int = ^ 4 (9.4) 

jj__ Lc_ . A, « jlj_9_'l CjjIj» 4_l -jLct i___jL__l J~L_a J4_aj L_ 

J&\Z^ v l ji__>VI 4jj__. _jL__ U__-_ U_ JiVl _-i_ AX ol,l ____JI 

_L_ J-*jj ._j-_-=j Lc_ ,4-____L_a ijJjUJI (j_>L>Jl ~-jj-a_i! 5 niiilL .Jj— > J— J 

5— jl i,"ia 4jjJ_j 4__l_v j ii i n i ,j_iL_JI JjJt".ll _)_> I jl Uj_ j_£~ ^yjl j iriLj 
. L_L>. 5Uj iii ill JJ-aVl oju- L_- __jV i.ii L__J .Sj_L_.l — )l a j ,,i -ylt Lul j 
— -I o i ,i "II jl /jUI (_9 j»J_-J — _j__J ______ 4 j «i j 1 -~i _>_>ljX. V ^i o m a — jjA_JL_ 

J__| ____ __Jjj ._)Jj J__j ,j___ ^l " jt~tlj j__Vl -jLjjUiH I jn" -o J--J-II 

.._>l jl___>U ^j__JI ,___t.L 

(4. ] 9) j-r-Jjj-i 4JjLj_4J j-j-U-a 4 j <<, 4_aji___a 4jV (__ajj| jjJ__JI 

(__ jjL_JI ___ (jl .*(__, _;t J__u "_ l_4__ .j-L_JI j_>. s-il j r (_a quanta 
__j____tl oIjjIj (j-o Ij___- _— «j j-a- .*L__Vl ,_ij__j _;jJI j_> jUjj_L-«UJI 

j»_L__u Laj_c . J___9 . <lj ~-",tl " j p< - "__U_JI *L_j _)j_L_j _Ju_l 3_aJ_-_a 
_lLj_J__ I -i J 'l' a i-jji .<-> <-i'i-> (jlj ,4_L_> (j;l_l ((jjjjjjj I agj a i ui , n) _)l ij i n-w 
__L_li_ Jl_c . (jL_vjL>. (jL-lj _ijL_-l_ _>L_I - Lj_a I ".". m" ^jg".". ui « _ti_jj_j_a 
—-___ '. I j___j i4_>.jl_- ,*il'ijj j a 4_uji — _l j — -IjjLs- L__jI _jLj_j _9j_uj ijJLc. 
lj-_ (_9 (_jJ__ej .j-_l____l 4__U_ SjLjjj J_>JI 3jjLa_j_a jJ__ I « j_i__l __lj_9 

—il i j , "> JI (j- (j;jj-_ jjl_ -rL-iy (___j__l -Ja-lLI jjSJ _t ,j_)L>JI — -_-j_a_JI 


_Sjl9_JI_Jj"j_JI__ 


(i_JI <__l__l __l -Jl ____ _,V VI _U_ Loj . LaU_ __i___l L>jL__a 4_».jL>JI 

_;jj__ 1 o<j . I J>jj _)_)£_ _! <__3bj i4_>.jL>JI JL>lj 4__-ljJI .J_.L_J _;! 4 n 

4_l_ jj _j_t_>. ("j_J_?) 3 j, n'n ^int — ^ - ^ "~ ( -*"~ LcLp l' J -* _t~-tJ ' j^-TT^ 

.()) JUJ.I ___ even polynomial 

4____ £jj_a j_s _>_>__- J-_L__ (__=• j__l jJ___,l _)! _,La.__ 1 _JI > j «') 

4jL___ __Uj phase - space factor ^j^_. _l _>_ J_L_« (___ Ljj___« JL__VI 
___ 3 1_— exact <L«l_Ji __LL__>JI .£j__>_j,I i_J ___ j___Vt <___ .4j_^__j 

t— lj_) "r ~ Tl JjjJ- _-!l *_)-fcJJl < i ij ^«J (j-aj ' l.i « (j-J^ j a 4_>.jjJ _Jl_»JI Lj____. 

perturbation approach ji___ VI 4jj___» _,„,,_ Lc L___j ,4___i_.l 
L_L_J_j _jL____ _ja ."j___!l <____-_> ._ r _ u j__-jl _____1J 4_«_>L_« j i " «" ___l 

_l j___"l __jl_ __3 _;_)_ 5 1 . nK ..~ o< 4j_li_- JL__j| 4ju_ _;! _i_ _U_— J i4ga.__ «ill 
_JI 4_.L__VL /V (___■ SJIj (__ _j_« ______ JL__i VI 4____ . JLil Jju-- ,__- . X 

4 « iii II _)_)_- /l _;_)-9 _,_) -__JL .("jlU" ,„VI) .-," mi"i!I 4jjljj ^jl i- "ill 4__L_> 
JL>J| i 1 1 ,il ~j .-Jjljjla 4_L_JI __l_. I_ia J_ _Ul«J _J__-J LjjLj- V £__>- J__L- 
3_JL~_a 4_pLi__5Lj J_clj_i _JL__ . Ij___j 1 /l^ -_a _-JL_l J_>Jlj . /l' -_a Jj -M 
3 J mi 1 j 1 ~ ' ■! ...~-tl ,IU~, >. _,| |_cjj .-I ■ ..I ■ ."t I ___ ___ J_T i_jL__>J LaLoj 

.4_ujL_j 51 miI 1 n'1,1 _)? (j_»j__j (__!>. ._JJ_ (_>_. }____ .(X _;_>_ 3_Ljj) 4jjjJI S_Lj 

_,_ JJ-_>JI (j_) _-J_^j V JJL-J J_«_>J|_) _jl I 11 -sll (JJ--J < T J '>?-' » . < 1 t-"j 

l_l J___ quantitatively L__?3 ijn^ _jI _J___._'I 4jjL__« jj__3 Ij^J ._Jj__UI 

__9 __JjVl 4_Li_JI JjJ_>JI j_3_)_ _jV (_____• 4_>.jjj lj_j_i__> jl > __5_ , l OjL _,_-■ 
j_a JL>JI (__) ajuka . J j-t- _ _)!_? __u_>__j __Lc. J_)_u__>JI _;_)_JI 4___J_-u_a _Jj___a 

4jjjju-_a jj_"! ( _l___i_,l __lj <quantitatively 4j__JI 4j_wUI __a ,__)l jJ___>_M 
. I __>. I j_uS (jl jia _M c_j_ jj-j i-,j-_ i4jj__i| __>_____! 4ji,mIL 


p-JlcUla- 


«GlSLaLj ._)L<_.I _* j-j.i-UI (() j-jJJ j_> L_v_j__J _,<j ■ n^KJI JUJL1 _ , „->t 

Ljj_ya n __1_. i_;j__»_ 4JL>. (__!-• jJjj _jt '.4 «iUttjj Ljj^-y» ( jJjj) CiWn nj _>t 
. Ljjj„ n - 1 j n + 1 _jl_ _j"_L>J <_---- ^j<-»o _>_. 2jL_. "•JJ-^J- SJL- -Jjj- 

.-jLjjjJLI _h« l_>jl«_a I_j._. ^«___ «LIL- <__!_. jjjJLI Hj_j jj-_I -~>J _>--«j ^*j _v«j 

,«___ejj '. 4_j^>L!j jJjj ''"'^'jj j " 4_«jjl ,«j__*j i4_j__L__>J '"^'jj j * 4__jjt jJjJ _)l 
-jljjUiJI aj__ JiLaJ .(j-jl («i-LSejj) _r— -I jJjj i4j">_> ^Utjj) Ijl»-Ij jJjj '. Ij_>lj 
_, " "1" .UjUA. 4_*jjt — ___jj .(9. 1 ) J_-_JI jL__J <__1_. ___ U _U^-" ^o-ujj I j « n -v. 

_jl jjL-JI (>a _;t j iiil . interaction vertex j_l_JI ("jj.) u~ij j--- 
j_*j j jimj _; jJI ^j, inll jjsjj '"< j~- inl ^l, i i nLi ojLct "jj_ jJLI 4___L>JI 
jjJaj (SjjjJI) (j-tjJI 4_L__j Ij-j-j 4_«_JLl ^^inl lj i(_)jj_L« |»jl_ (__!] u-tjJI 
4_J_xJI |»j_i_jJI ___« |j__ — ■ ifi"ij '.Jl "itl Jj j i ii __— - .— jIjl_— _— ul 4 j I < r __!] 

2 -> 2 4jjjjJI _jVL__>U 4j__JL (9. 1) J___ <> ^jL__JI 4_>L_ _j__u 

.^lpll Jr. 3 -> 1 j 1 -> 3 j 

4j>Ij _JJ Jj)_*JJ (jt (L^Ljj-j_) I j «~0j _jl->" i ii j l__>lj Ljjj-~ _)t _-JJ-J 

4_ujVl -jLjj-iJ.1 ^jU-, ,„-. _j ._$_« (j;t Jj_> j_-_M -UJ-I i'1I,,ij jt ;-jLj__j__ 

.cLui.l aJJt jU-._, _Jj___J| 4_.a_ - 4_U_J! tL_j _>jjL__ ._l j_JI _jL- j_U". _,t 

_ij__- jLUJ _,_ _,_jl>JI Jj__ . 1 — > 3 JL__>VI "UL- __a : JL_J.I Jj-j__ ____ 

(jt 1 1 -ri I JL^J . j_i__JI LjL__a —Jjjt Jl ______ (jj_J L_u>- (jjlj-j". I (jjjjil 

.j n inll ,__!J I_l_L>_I i__L___ _Jj_>_ i_iLj__i 4_>.jL>JI 4j>L_!I _jLjjj_JJ (jj_J 

(___ 4_jilj_u.l 4_5__JI oV I jJ-j <4__-L___ (jjS- _J 4_il__JI i)\ _J . ^lj__j_) _JJj 
J_t 4jjL^_II 4___JI (jj_-J _jt _»S_ij I o ni .^-jIj-U-I _)jLhfi' (jjS-_ 4_3__ ____ 

-jLJI n ", > I _?j_u, Ji«: V CjI jU .11 «j_- jL- ljL__J .-_L____I 4j>U 

-jljU^^-Jj-a-JI 4j - 4_i__JI _____j 4jj_,j_a Jj_i_i jt , potentialities 

-j*- I o~>-VI Jjj i"->— (j5_4J ijLsejLi 4 ,1 in 1 — _j__ _;jjl _, i « t L J . 4 j I « 4 4^Lj_t_ 

.virtual (4jjjj__) 4j__Ij__I -jUj,,i>. _)_m___ _j-L__I _,_ 


Jjl^SJI^ISjiJlo» 


X = X X X 

<(j___Vi (*-.jJi) <L)_-wj>»ui A-jj tv,n y*_L_/_i 4_u/vi LJbjj-iii j_i_ : (9.i) js__ 

.j^njJ! ^yic ~ —- . >» j ■» 1 j'— iIjMj ^ 1 " 1 -- <L____1 i_j_ L__jl «I iii o - ■ '»'• ■ 
-_a (jjj iii «I I _)j__!l — jLjJjj mi f J-^-ljl _Jj JL-Jtl 4jji_i 4j|jj _j)__J 

■ -•' 1 -'j . quantum electrodynamics (QED) («_Jt Kj_ a-jjjj _ < 
4_j_»SLJI ,„ -sll KnKi a <j_ lUjl - ,»_JI LSLj. aLu_jj_^ ~j_SUI 4_-JL_ll 

JL*__U 4j_j_JI JL-J.I 4jj__tj .4jj____ 4j_La _;j__t _-lajin-»-J __Lijj__J}U 
i___jjl _>--J (__ .4_JL-_a i_)L_C 4j_ij_ (__lc 4_t_Lj __Ljj)jj)_kj __, i njUI i« ajj.gSJI 
*__ a jj! _/_l ■ i-i -"■ (j__ij i I injl lSj—^-I -1 _ • ■ *-' (— -_^L-__a <~il^of 
»_a j_-lj-_JLi . .Ij U,uVI 4jjJ_j __jjj_* j__J .___!_>! _j__-_ __l o j iii -Jl 
(j_l 4-ijJj_>__II oLojitil (j_ JjIjvj_ j-JjST (ji— (~irt iUj j«SJI ISLuaLjjjjj^ 

- (jjjjji (o"i mmII) ~jlU"iin-M __jL_l_j Jija iicj)_j_a 4j_J_jI_jJjj^_> __ljl «r 

__>( jJ___VI 4jjJ__J 4^L__LjJI 4_L__JI ___? .ojo^JI - _j>^h ojlmSJ! 

4j_i_L_a 4_uj JjsS/ <*.njU I a I ir _>-»j) o r jl _v^J _)J) J LaLaJ 4_)j__oj 4_-tx_>lj 

l.i j ->■ -;j ~- ~'l __l__lj '.(jljJLa-l ___>__ 5 , . „1 : „ power ~j__ __._! _;!) 

Jjal « a _>--> I-* J 1 (i. 1 -'j_____a I j__ lj_j J_9j • 4_jjj _-i-l 4jj___i -_/a Jt lilL 
j__ ilj_j___ IjljJLa _JjL_-J 4 j< j ol_jjjj_j_JI 4_j__j_iJI -jLclUnll _JjS_ail 

_j>L_L__a _,_ _jj_i__i ^-Lc 5 .! c_Jjil _iLL___-JI (jt VI .e 2 /nc - 1/ 137 
JL_UI ■ -■ _,U:t Sj_i_j_« L$Jl _jj-i 3K r„ a ,____j ■' _' j _ cofactors 


pUIOUlao 


i_j__-j_j_J __rt iiiinjll __h- fi1jt°i -4J ijjnt jlt lj__ <___»-j1 JL-J . L«j_v_- 4_i^£LII 

. _Jj__j_>. -i_i___ij 4 t-*-lj_a __JI 4_>. L-j C_jl_- 4j_«__!l JL>_U 4jj__u ^j_.___« _)Li 
_j\__>.LJI (j^a JJJ_=_- Jj->- _5_-j1 _-l_- JJliJ_v SL_u_- (~i i i„"i<I -.1 <UI ____ _>__! 

3jj___> __- L^jj '^jl>_j infinities __Li_L-jj^Ut ojJu-^. ' ^ 'j-^-»-^ 0.'-" 

«_jj___J| 5_L_I» ,______- 5__jj__> ^l_-a-"ii„L 2Aj_- 4j,..l ...I __|j_LaljLi __t_ 4jjJ_u 

JjL>_ __>t _-__. (jnt .11 lj__> jjL-u j_a . renormalization ™ _ . u-.ti s.Lcl» ji 
-__IL -__t__. _j___»j-t.l L_jj-»-i 3_«_l j-ll 4_>JL_il (jSLtj i__.LuL4jX.ll (j_« __^iy.n 

_)J .S-)j. ■•_r-"Jlj 4-lj U'itl j__i ^si-JI __,_ l_-Jj__J,I jl__jVI ___• (^tt "_i I - j'« -___-!! 

j j " t"t i(<i__!l K_ _l '■_■ \_j _^ Jj-« ij_lj___JI 3_l_c) cjLjJsuJ 4_^_j___>LjJ1 _jj-__JI 
JMi- (^UUI I ,K,i, ___ c-jj^Lu jl-ij jll JSLl -L^lj U_£Jj .3 > a t „ 

O «1j ,(jjj n, t II _jj—__t I (j_a j ■_ - 'j^l 4-_L^j __Jlj)_>- (4__J_>) 4_aj_«-.__« 3j-_-_ 
i4____)ljj| 4_uj _ -_J -_3j_>__J,l _-il ilitl (__jljj_j__JI Ju ,____- __cL___> _JjiJ -_-_-j| 

Julian «j. r ;_, n _jL_J > >.» L»f .Richard Feynman «_j__*_j__ _jl .'■."mj» 
4__.L___j ,j__j 4_l_)l£_a 3jj__i> ,___) >l n" ,„ « 4^_jJ__j| j___>j (_;_-ll iSchwinger 

.«JU-.I «-_rll _-)! , n-stl ___>!-> _____J>) __;jJI 4jLi (jLjjj-l _____> j J_a_> ■ lju_L_j j-_>l 

_, « , „"i U_. Feynman amplitude « n '«, ______ ji - «JL____VI -____.» 

(j__«jj . jjju-JI (j_o __-l-jj jjtc -»■ J___L>. ____ 3-__>L__ 4jlnr __; V - LJLc 

ojSu __; jJI Feynman diagram pl n ;j> (.UUv _) ^».-^ j_i ____ J_: jj ,^ 

__d_jj • 4 __i, 1 1 tl jl (___,jL_>JLi __!jji_a 4__sLtj i_-_uj__j (__-Lj_>u_- j j 1 11 ii"it LuiLo 

___. L_* l_>j? j aj . __>j U-=_j Vertices (^ij J___j) Ijj j_a oL_____>JLI 

«j_4j .3jj_ J-' . > ic L»_« __ ^ "1" ■ U j U 4_t_ijl l_!LL_> _ji 4_j_>. jj_«_JI 4_j U '■!! 
j-a- l-i - J_T Jj-«JJ i3j_>- 4_Sjj__/9 ji (__j_>.i Ij ju 4 1 1 «■> "1 a _)J__i _)f Lol J_>j___>JI 
J____ _J_JI J__>JI (_, fl 1 nj . J L__- S _t __j_) 4jU ttl (___) 4;o.n"il,l -1)1 flj,„->JI JL_-I 

3jJIj_<> jj jl mi".')! 1 nmj jj-j .propagator «IjJlj-a» j? «I_>___i» ^j-s-L 3jjj 


^jlsSJI^ISjiJlo» 


4_jil£Laj _uv, j___ _. ,„ - virtual meson (____>! jJLal) cOjjl-j uju.- 0 

jLa.u--' 4 t , ii __3 j»Lg__uVI <jj£j i4-jj>._j_<i_JI 4_jjJ__JI .(Jj-i-l JL_C ^J_$_«j 
4_uljJI 3j_JI jja _jl ,^, n _j__Li__9 3jj_ n (j-L- _$J "i tj iUUV a (jja -i-LJI 

-_l 1 -- " i.iLi "jjj J£ j___ 4l n r j_-L_JI (jLujllj «L_> (jj-Jjj .(jlj_-_-M <-, tL-J 

,--L_i_aJjAJ . LojL-u 4_-jj__J.I 4-_jjJ_JIj 4jjjJL__ jl 4jiijii-- Ciljjj-wa |-J_& jl/j 
Sjj __JI (_-__. 4_JI j__j_Jj iLjj a 1" ,",' _)Ljjj\j_« 4_jS i"i "i mi"ij 5<L_.l__i j i ~if I 

IjJj .___-lj £jj (j_a jjj-j-a _*] ^■_j__i_JI l__* (___■ jl-j-jj V. a + b — > c + d 

L_tj__-J __Li___J Jj_-*J (jl uJj_s.Vl j ,£j jjl tju j ja i (<-i-ij-J Li_> 4_>.L>. _* 4_L_ 
_n-jj\.J,l L-lj_ao _,~ijo< I _-Jlj-JI _--- d 1 C t b , a i__jj__JI j_«j_ :i__Ujj_J.I 

j-j I" 1 „j . + (jt>.jL>JI L>yj>fi' ^j— *>j u ~ j «i^ lj P^ j P & _j_-___L_JI 
f jJ____jj P a + P b = P c + P^ _,1 _Jj____JI -+___- (.Li) J____- jjJL- 
. E a + E b = E c + E d (jj..; ji -_.U_JI *L_j 



_JjJ__JI <-_ _)j_« ______! 2u_l_UI 4_j.j_JI ,j_ jU-LJS iUU^.. = P J CX :(9.2) J__- 

,-.iuuj- « 3ll_ __>.! :8 !___IL_JI 4-»j_JI j-4 .".iuu~- . -.. - .y.a r _j a ;tt 
._jljjjM_» i-Ljji __tj (j_jjjj-« JL__jl J_;L__J ij___JL "->-j- <-.- -* 


|__JI _-UL-_> 


__jL_ j* -__>.jj-J (9.1 ) J__i 2 -> 2 J___J___ VJ jl^jj V 

_^j-_>JLj (jL_wjL_>Jlj b j a (j*-Sj_-JL _,}___! jJI _,LJ__-JI ,__jj . X <jlj_-._M 

jjLJI (jiy.j - .^ -i a J_«_u .s > __l__« L_*a + b— »c + d J-.L__JI ^ t~m .d j c 

ljj_-J <(j_>.jL>JI (j_ijj_iil IjJj-aj (j____l__JI (j_ijj_J,l I <i ln*i- « <5ji_-lj 5j_« 

X _;jL__ (jl _-_-_> :_.l__«VI jjJL 3Uj iih .UU-> 1,1 I j_<_J 3jJ_L_U jUn'1 4jl__ 
OC («__jJI j---jj .((-r. mi'11) 5jlU'. mVI <L_jlj j! 4__L_JI t-Lc. .1 «" r VI (jjju 
(_j (jjsj 'u^Jj- 5 «LjjLlII 4-j.jjJI (j_i I UUV o (9.2) J___i __a jl i njtl _____ 

4_a__. (___ 4j|_ ____ _jVI <->Jj •>> a tX^ j_« < _ . i nl i"j J___j 4 « inll inj 4_L_ 

(j_J <5j___oj <L_l_9 5 ^ui- VI 4JI jjl uj__ ~-l"."...l J_-ljl.i-i" mmII <Jjlj_J |»jL__lII 
(j<___»J| _____ f j e _jl nj^j-JI . j«__jJI >oa L__Lcj lUjini (__^Ljj_) j j i n ii"i i_JL__ 

' rtin-ij .(^j-j--' ojjj (j_« jl j i ii "i ii <.j_i_>jjjL__i _<-yjj_j_« (j}Li_4j «_j j j 1^ -ljJI» 

j___ b j a (jL__aL_JI (jL_jj_J.I f_L___u (i) :_t_"tj"' (_^lj>JI OC J_J___il 

(__II J-J_-VI J----J j«J tt J e (j_LJjjJ__J _njjjj_« _va L>.jj l -v"ijl (Jj i ujl l SjjjJI 
C (j_L_«*jL>JI (jujjjil jJj_J -_L__ j-_L___jj (_,i<ij II 5jj jJL J__J 4_ul__«j 4___u 

5j__i. J£ .e + f — > c +d _-.-■_ a + b — > e + f J.-.i lj__J j-a^j .d j 
iL_aj__j j_a (jujj j « <_JL__ _jl __<jT '.2 — > 2 JL___il _j__ 5jl_j__ J__J___i!l ___ 

i4_j^J___JI i_jL_>jj_iil J j"i «"il ^__4_uVI ^l JL-____uLj . L-J -t"i i nl JuS _jA_ijjj-aj 

JimI ii, -.11 (ii) ,(j_____JI ___!! jl ,,, jll _-« J______JLI (^jj iV T . „,Vl (jL-a 

<— jjVI -jLjjjII <<;__<_• V _v« .jJjj _jj_JI j-ii __1 1 (jL^j_L_«L_ ji_ Lu _-_>L_JI 
i-i-wjil ojjb __- JjLUI (j__ (jjjujLj (jL__.l__JI (jLjj_J.I Ji-jj i.e.d.c 
1j__ (__a (jj-_ji___JI _)L__ l "> .1 • f ■ e i d i a __Ljj__jil (»_-_ I j__ ^ j "j 
JL___VI 4__j_j 0^c + d + e + f:0^4 J\___VI ^j-» oL-Ib- J__1__JI 
^^Ltl j! y__JI» ___JJ 0 j„ i^,H > jj __.;-- <a + b + e + f->0:4-»0 
(__L»j__-_j («__j) .Ul-iy « L_a L«_? <(jL_ul__JI _jX , ■■■ . ..~1l _____u .nothing 


_-« j-i-l IUUV n J1«j (9.2) JS-j, (_ ,*--jJI .(9.2) J___JI _v- a J_».lj 
< 1 — > 3 JL2_jVI ____ (i) : (jjl.nl. .n i nimj L-aj? j__j .ijjliiJI -_vjjJI 

2_a f j e _-_-Jj (<u ;e + f _sjjj__j --jjj c £jL>- ijjj-jy» t^l a J--l_JI ojlh^' 

J ...I.--1 I Ij-^J j__-jj .d __.1jL_-_-_- , _' 3 — > 1 JLLl.^1 (___■ 4_jAj_!l __-_jj b 

J ...1... -i i (ii) b + e + f — > d _dJ_ -_ ■ ,a -> c + e + f 5jj <nll __L_ 
__a y Jaia^l • a + e + f -> c «i « < -.j b -> d + e + f j _____ j-iOM 

.(ljj <_->_. 4,, J_>.jj) 4_Jl-JI -_*j_JI (>. -_1UUV« Sju_ Jo-I JLaj (9.2) J___JI 
uUlii<ll ljL_ 4_s___aj (JjjJI J i nl . .|-|11 < rii-j (jjC j»l_3__>-VLl _;jL_JI _-lc (jii i'.ij 

J___JI (j- 5 iUU-U.1 J1«j <lj__--l --J 5 < ...itL JLlll ___*___ (J_ijJ lj__ _)__ _)lj 

4-j-J-JI (j_o j^£i (j^aj .Ijj <_jMj) LjjJI -J>-jJlJI _ya -_lUUV.a SjLC __~! (9.2) 

-__. j»jL_ui a + b->c + d + g + h Sjujlc lhI »<.„% --__.j JcL__) (-JJL-Jl 

.J__ll jf J_-T I UU-_ /. ^ ni jj _)V jCJba _JjL_JI . L-jUjjj^S 4_Jjl ~--|i.ll (jUjjjja 

,-tl UUA. /i _jf ^Jj j Uill _j_3c_4J <<_j___j_,l ,___» <.Ij_j_»JI <__j_«-j <_3j__u 
I . K . °i i _>-< (jj-cj__j Ujj (_$j| (*_C j_> <_0-*J _)' o* ^L<L____- _;t ._)Lx_j_3 
4_t*_iJ 4_>LL_JI (_Jj_jJu_a ___t Lj__a IjLaicl (-ji" (j-J-U) jjlj_a JSLt _)j . , tn il,l 
. Laj o (* .(jjj-j-l (__JI ĕjj- _)-« j M.-iill ((____> lj__-_*l) _gjj, 1 ii'ill -j ■ M--11 <-Jj T~iU 

--_>j-jjJI ___L_. L«__j .(jjj j «~'ll (jjj-* __lc _UL__JI <. lj_>-l <-jl ,11 *sll (j______jj 

jj-^i c-jjiui oij j;-i,i __-L_j .jj_-i _____ o.t.u-.u c-jK ___<_i jji) 

-j.i, <yi olj ,ni-ll (jL-j.LjU.LuJI l___--j__ V j.L--jl j___! L^L_ J-IS-JI 
>UL-i jJj-J jl«__ ^l -_JjVl __VL__j^l o^..,l,„- -Jlj.y .LjLi^ L-bl j__V 

I juk JS" ___ 4i"fl ,>»-|l,l (_---»l J-JS^I) _gjJ.> ii"1l fij ... (-JJj-La Lal . La Ll_Ljjj_3 
___ ,j__»_a JcL-j ___ <<-_4__j_j_>JI» Ol aj ,,. -> , 1 l _)l <_JJ_ . !__>. jjIj (- j ^ n - j-J-3 


,__JI_-_b_- 


(_j ._)*-it' __- 1 dii-iti 1» J«,t (L__ljLcl) I *j j . :- --" (_*" __jj| -U«l ...II __' 0 _i , ,,-JI 
jjc I 1 j «.' I j^jj —~ -uc 4_>.jL>JI .-il i j — wtl i al .°;.'<l j<ujj '~ ^ • —■**■ H 1 . ■ I T - " 1 
i___j_ < LaL- liiir->"ila «^--i J-" (jjS^. Lajuc i^ol i<->.*ill 4jlar «Lu?j ._; "->t ill l^ir-it ) 

_gi Jz intermediaries jUj ,._ i g , _, „ -. <>, .«^^j 4jjj,> ii-ill __l a j ,,,--11 

4j i nilL _,aj-)L--,l L^i-Sj-J i ji<<->jj (jl" <il"i ■">__■ _i__ijj__> -JLiA •j»J)i" (^LjjoiS i_LcL_J 

.UU-U, L^l3 JL_j ___II 4J_JI ___> . L^-j-i JjjLJI 4_JJI ^l_L"e___Lj . 4_-U_JI ,L_J 

ijLyi jJLjjjl j«jj i4jJjI i_jVLSjjV 3 iil"i-V a (_J*>I iiiImi" 3jx. ji-Lu 4-! ,»J_-_ q\ <\ ij'4 
I Ji_-lj LjjjJl-j U j i .1 -> J*--J -Jj- J-Lc (l_!j___JI "Lu_- (j-Jj) ^"-LleJI ,U<i-_ 

Lt>.r.n -».1 <___ «5 j n jii -Jl» __l <ij in-wJLa ,^Lcjj>U Lj_l_ ,j_lJ I j_* __CJ . JsVl <____ 

(jl SjjjwjuaJL _, i j ijj . ">j ii" i n a i__)L- Ijj (_-_»■ .____5 (_JL__)I -J->-J — jl_ _gjJ, iij*ill 

_>c J2u *_' AF, __3l__ jLiujl At 4_L_aj -j_-_! ____>r"iiii',l _£j_jjl_jJI ^jhitcJJ _j_u 

. AE At 4l «___u>UI -_M_-» ______ ^jJI -JJ_ 

j_e_i (__!_. (_______ c-jLiI i i i -sl l < <ij ]r i ~i\ _Jj_>-l 4_2jji_ J_>-JJ imJj_>.1 4_»_>lj _»a 

___ 4_LjJ_JI «*'_.■ . 4-i___a 4_Jjl __*_'L__)I jja *l ^..Nl .^-o __]| I j"l j ■'-"Ijj (j_3j_e 

llIj_5__JI 3j <i<j ___U_JI _jj__ .__oj____»JI 4_>j(__l_. (jL__j_) LkjjL L___ ._lj_-VI 

.3_JL___, 4l_- L_l _ <j_*l "Lj_J____JI Cjl a J, , l? JI _j_J . lj_JI J_L__>. JL_C j^J_____ 
I j__Aj . J____JI __l jj<"i - J_>.l _JjjJ-_j JSJ Sjjjll "U__JI -- i ii-»"l .^u-^Lj 

3I"<II 4jjj,t ii"JI .-.l - j ■■■ ---'I -_LI 1,1 --.I (jj__ ^i o ■>■ "Jl _jj__> _<;j-_-j (___ <_L_ 

4j o^j 4flU_JI _)L_ _Jj--^l 4_ojj__JI ___ L-1 .4_)Lt_JI J_uL>J _JL^_jl _J_ 4__j____JI 
f J i i i 4___i(jj__i (jru- ^ .Sjjj JS" Jl_- L-«L_j _)___ij___-__a _ Lj__ _Jj_5e__!l 
^-3 _rt-_3Jj__JI _ruL_ (ju 4 jM <jill 4 ■> j"iill (__3 (j___Lu J->-JJ . Sj j «" a |_gjJi > iilll 

(jl i : j' a 4jjL__-j .__jL)j_L_JI j j , "L-c^La j-J-il 4_)U_JI ' f II _"''! 4_L)j_o ■ _)l o ij 4 

4jU ijll 4j>.L_II (j_> (_gjj, tii"ill ^ttjj__»JI j>j_ii a (jl jjj J-__uJ . JL_iJI L_iL__*JJ (____)! 


-_ J i__ji, a jj5j__i_M> 


1 j i ii I -- lj--l i n a ^ j~i«n j i "i «i j_- (jlj , 4 i j t a d-jjl j ij-iLj --LjSJ. J j "m i .)j--=_a 
Jj "i <i "II 4 *l~ -» * Jjl Jj jJaLij Cj\ j ij-tL^Jl |-j_»~il 4___j_>_J _jj___JI (j?j '. L_$j_Ijj 

L*j[j3 .4j-__Ij 3j "j"-- cLuit jl 4j>jjl__JI __1 qj,m->JI i4__ lj__ Jj-ij .(4jLVI) 

.((_j_alj__l) _Jj___3j __)IjJ "j__l_a L_jLj_.L lfliimjJ J-p- ' j'a, jj J_- ___> 

I a, i ir J_ul!Ij j-jjL_JI j j -» Ji-JJ 4jjj > ~"i1l CjI «i j i n -»11 (jb Jj-_JI Jj .' ' " 
_)l 4 ~j"-».1lj . 1 <j iri 1 1 (j_a Ijj». 4_jjj_a !_$__ 4 j ~ j " -Jl j-jL___JI CjLjSLa (jj-J 
_, ii j " -v pj i n ->.! 4 j i nilL _-J_>- . LajIj j_jjL_JI 3jjI_ ___ 4jjjJ___JI i_jI njm -Jl 
__Lq_j_____ (j_.L___al Jljjuj) i 8 *- * ■ 1 _jl ^jl-^" ■ •■ 1 4_jL_> . M '^iiia _Jj_____ JL-LJ-J 
,j_t Ij jin 4-^Lj-j_JI 4____II 4__ljl j-JJ-i I Jt^J _)j£jj •>--_> >-- >--' 5___J-2j 
__ll I o"i-_ 4_-ljVI tillj (_, g"i i~ .(jLuj)"l jal gll __3 Ji-JLJ ___JI « «L-_jj___J I » 4_»j__JI 
-ja 4_ajjj_j SjLclj I j__fc jj_ al 4__*j__a 4 j i ii" _L_>.jjj i Ljj-_J 4jj_4j V (jj-wJ (jl 
I j - j; t-' ~___.J (jSLcJ (__JI 4_i_<__JI JL>JI CjLjJaj j-jj_) 4ljla _;j__-i __L_L$j _ 

.__J_ (jw» juljI (_JI 4"j°ijJI Jj__>L__JI .__* !_."."') (jj Ll_> L__J .(L£jj__u) 

jl 4 j -»■ j i i-> jj (j_j|j_c. _* LfcL_i___j j)I (3j__i (__JI 4_jj>. jj-a_JI JL>J,I 4jjJ_u 
4jjJ_j -___jj (____j Lj ajj^JI (jjc ,Jj_i (j_a Jj^ L-_ .l^jl Jj .jj-Uyi ___- 4j__)Ij) 

<__L_jIj__J SjJ-LL- oVL__- :ij____lj jj_-l L^ji -"".•. ___!_*_» ____ 3 j _ 

^Cu _Jj_-S CjI «j ' "> Lajjj .j -r j i » (jjjjJJ i(JjjL»II) (j_L_JI -jljjjjjj iCjLi j" jjll lj 

JLJll (_g _)~ infl (____ Ll .4jjjJ_> 4__)J_j j___l ji "jujl>. 4jjjj_»_ __.__L__j_L _4j__>. 
ic_jVL>JI _nj dl j_l_ 4J___.I jj __s____ __l j_-Vl _,i _1J. . fi ___ __j_*j M_ jj>JI 

jjJajJI _jIjj_JI tfj_. JS___J .(jLjjlL-l^JI __9 L_a CjVL>J.I (jj_i- _JJ__ (JJ>_- (j_- 
1 juk __3 J___JL I in ir-ij ,1 "1 .pj im->.II KjjKj a _?J--J 4 i i.iilL jLss-aJJ ^jhill 


I__l _.UU_ 


4jjJ__!I <__ 4^ ,^'1,1 4 j i,iL_'Vl CjI jjLiJI __i_J ,4_j1_ oLJSL. ,j_l_. VI J,r-> nll 

jl jUi Li\it (j^l ^jSLcj <jl VI ,_jI oKll ^jja jujuJI L_> j_j_j __j_. .4_yj_>JI 
4_Lfl ■-■■■■ jt ^ j-t . (9.3) J___ ,__ L»__' .4 jUjUV' fj__jj 4 j .»1 ,„Vl cjI jJjLUI 
j "j. 1 5 . A? 11 ' _. i^j_J i-u-L- 3ij ,1,1 j*>_«jJI __J 4_-_L!l olj-L-JI 

j-JpjO-L! j>-ajJJ t/ J § J _3jj_-JL 4_jt ,",11 CjLj" nlllj CjLj-iLJIj CjISjIjSJJ 
j_L_JI <[-jjjjJJ (jj-j-ilJ j-ajJj i _flj_»JL / £jj _-a __ ^ ' " " U j". ' A' ^J-*---.! 

La jj^jJljoUKJI r ____L__;.Z jW j Y_ij L> _>JL J,U-1.I j (jj -- ,UI , ^«,MI 
1_L_«L_jjJ 4_j__„L-VI ol j-LUI (9.3) J-__ (_3 «4^111» .-.'UU-tl Jl,: 

,(jj jl £_a _jL_jlj_JI (j_a ~jj (jlj___il (_£j__l («__ujjl i rt m j . 4_j___!l (jj— II 

(jl 4__>L_ 4___i__j ,U -V .____ CjLj jl-v. _ru CjIj_)I_ (_Jj_i.VI j»j _vjjl i m"ij 

_j|_5_j (j_ 3 _<'. J_J 3 j ,„l _jLL__JI lcj< -»■ a ( V..-j (_gjl »11 (__jj| 

. 9 + ^ + g = 0^ + ^eg,gf)? + g,<je^ + g :,-,,„ti _Jji j_ji 
o->l_ ,■ «, - »j V . a jjj___ q j _Jjlj-_ ^j ,„ ->■ (__Jj _>_;__- (_3.L___JI lju_ <___. 

J j"-j (_j_ j_L_J _)lj_-_l C_J_ J-J>-jJ ,_-ljJI (-- .-Jjlj-Jl 4_$__j _-__. (jlj___)VI 

. (9.3) JS_i ,__ 4jj_ll cii j_L_l J__ j__ljLS 
__l_JI JJuj (9.3) JS__ (__ jl_j___jJI v , .. jU I ;» « jj-^-JU ,__-jJI 

_)j__j Q L_Lj^£> (jj-r ^ , „->■ _;! .(jjjj_JI j_a _)jjr ,~, a ^j , n->.l (____.___ _l 
jj_ _)lj__VI C_jl_ jlj___a ,(jjjj__ll ^a , - Ul ■ ., . i 4 " j -_ ,", (_ _i___4j (3jjj___lL 

_JJjj .pjj "<1VI I oU ~j _,_!! e 3w AU _jjL__ (__II 4_uj 4_____JI 

(j_a lj_>- jj»,r-> _>_J j-__ j_s jlj__.l_ _jl_jlj_il La? .4 jnil i„Vl _j| o j,ii-rll 

(9.3) ____ (__ ^UjU^ "I I ^jJI __L_u . -I jl -| : jj____JLI _Uj 
.Q + + Q _1 +y<r^0 jQ + + Q" ^y. Q* + Y :-jVL_jVI 


jjisiJi^jSjiJio» 

->JI JiU. -3 n,. , ^1 l oIjjLUI (9.3) JSLA l^kll f> ^jJI lJ^ 

:W 4jjsu« 3ja>L>ijl oljjj^j oL£jlj£ olp^' jLuiJI JjLu/1 jjjvj1I 

(u, c, t) <-> ( d, s, b) + W + , (u, c, t) <-> (d, s" b) + W", 

(u, c, t) + (d, s, b) <-> W + , 
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) , /, q j>«jJI .ĕj-i^Utl ■"•' 1 j ■ ■■■»-» JLjjJajJ 3_uL«VI kjljjLUI ^j^ajLJ : (9.3) J£«i 
Z i y < g j$_«jjl . L^lj_jJ__i$ v_jL_j^jJ$_jj iAjj ■>. , t, a t_)lj j ~ , j| i_jL_jlj_S (jjl jj im"i 

i^j'^ uyju^i Z j-i * i < ' ji, t ,n jjj>? <«j iljDj ) j i % __ii j j , 1 , "t W 

jj — - p j ■ ■■-- mjI J-Uj Q j-«>J l . W i W (jjjj) -*< ,Ti » 


|Q_JI._.Ula- 


L__ dilju > in "j .(I t i>>lj _,j_j _,! i__*j _.VI (j-a « I j__Aj» (__!«) lj-L_J 

.b.s.d __L_jlj_JI i^i <_tj Jj>_-*_-i (ji _>$Uj }L__« u edjlj-JI o'\ -rj 

, 4 j i ii j Sjj i n t njj_>-l 4_j_».Li (jja . t j C (jwjljSJI (___£ i i -»■ i ii n 4 , n -l j_aVlj 

.b __Jj cjLajJI t J"- ^jj , s __ll i_jL*jJI c J^Jjj ,d <_tj <____, _JI u jl___y 

4-1 _>_>I_>JI jjjjjjaillj (jj) t i*i « (jj"i mI (jlj__l (j_»jJI J_u_l _j».jJJ jcj-ijJI < n i <~i i 

: W 4_*llJ ^jjjJ j-« 

/" <-> W" + v^ , / + <-> W + + v^ , 
W" <^ /" + v z , W + <^ / + + v, , 

__1_- ,ji_l__ _-j-_-Vl 3 n j t ,MI ,»____, jJI . / = e, jl, T <-,j . I j_S__j 

(jjj-J -_a _i_4j)_Ljjjj)_j_)j) 4_jj -r ,~, « _jL-j"m jlj oL_jlj)ST (jlj_lal ,_, — !lj>_JI 

. Ij___j . v ; <-> V, + Z jl <r^ l + Z } q <r^ q + Z •. J_L__U Z 
UK^jSLa-, «>__! jL____-L. 4_-*___jJtl <U-_L__Vl 4,ijt,Ml -jIj-LJI 

LljL». Ij-A _)"^tj ,Jj-_ (j_9 __->-jJ L_J-SJ .(jj-JJjJ I (j 1 0 — J ___ II 4 i T miII I JUJ_>_ 
• _j 1 "jk_--ajj^-JI j < rtjt i>»ll (jjj_]_JI ij~»-j- jj_j ,4jjJ_»JI 4jjJ__JI (jjo (jUc-i 

^J! §|8J U_JI^^_li_ 

—jLiLo-. Ljj_a _jjj__b slj-J-l (jJJ «J_«j «^LcJ 4_*__>jJJ 4j__L_Vl _jlj_L_II _)j_J 

(_*- _i) -*-! ~~ ujLH^! c --M 3-_U_. jj_--I •_;__j' JlU- - • 4__l__« 4jJ_.__ 

j-jj_iJI _j__)L. jl_*jj . e" + e + <-> |i" + u. + :4;-r m-,11 _,,"|- -.--«(jljj-j-a 
(jSJ .j__l J_.L__ (j;Vj JcLkUI l___J 4___JL L4J j____- V (___!! _U1l_ ,-. .UU;.„ 

j_____j _l j_> LLA J-j_>JI S-_>--JI Jh- J j-« "*> _-«<-»■ "II _)lj__-VI <_~J_i __)T Uj 

.(9.4) J___, ___ jL-JI __!_. __j_Vl <jj jjl _;_ jU-ji .UU-ro (____ L___kji 


_;ji 9 _j|_jj6 J -_i c >-. 



e + e + -» \i~ + \1 + C)LI«jm t jLg.U, i 1 > l)IUl-»^.a :(9.4) JSL- 


Lijjj— (j n i rt jj L__J_-| :{j\(t\~-r a (jj UUV a j-a _ 1 4 ii jli-». _,_ 4_l 

!(L_L__-i jLSj ___" < intermediate « . ..^» l_j_j_ ji) (Li__.lj__l) Ijjjj__ 

— jl 1 1 ntl _)J_- (j-oj <(j_Jji 1 « $ 'i a J_J i Z I jUj i nj LjjjJ (j <i i >>" J j_- -Mj 
i 1 1 1 ii I Z (jjjj-jJlj Uj"j (IjJlj^) lj__iL ' t" -» j . e^ -_« S , , „1 ,', SjJaLill 
(jjlUI) jJlji.1 _)J— J I n (|ia (Jl-J .___-_ Z (jjjjJJ (jjJJ-ill lj~\~> ^ — -}L-_-l 

.Sjjj.Jt ^ 

propagator = [ (energy) 2 - (mass) 2 ]' 1 

<,-_____ W ajSJI (J__JI) 4j__!l j_j_, a_.__ __!l "energy" j+J-j __j_. 
(_jjLjjij (jjjj^JI 4J__> (ji (^^jju ._,Uj ni^JI pj i ii -^JI 4l__> (_yJI mass j_>___jj 

JjjLju» <_i_- ,_?-«...,■ II _|L_ I j_$J • IJL>- 3 >-!+_ Z (jjjj^ M 4___l L«-jj < I jrt .,-> 

amp (y) « e 2 / W 2 , amp (Z) - e 2 / (W 2 - M 2 ) 

<__i_ _>— — j Ljjj_5j I o (jl ■■■ jUI ^ijj j^tlj i (i j t iMI (jjjjLjJI (jl r«— jj 
<___!! ,uVi ■ W«M . 2.~~±;„ _jl___ j__ 4_l c-jLHI _,L_ .e _,! j_-VI 
W»M Ajo*. 4jJU _jI_L_ j_c L»f . L_l_jjl (Z (jjjjJI .^-,U ) 5-;j..^i l 

J-JljJ. I i" <j in (jLl -—'Ij—-—-'! ' . ' ~~ J .4__)jL_- (j_-SJ L_- _>Lj_J _n"i « i ntl _>L_ i 
W (jj— J _9JL__ 4__jj_>. 4_jjL_p -■ • • V _r-4— - N J^ 1 jUj . ., ," ^ Z (jjjjJI 
. L$_a <_jjJ_L jl 4_U_JI _JJj J_t SjjjS^ _.'"*>"> L__ I f_-jJ <= M 


JjL__ <_3 < nj j_L_J LL_ I Tola VI ___J ,JjL_JI JLU 4_=___jj La jl 

4 n.iilL Lal .ĕljjUall j}L>L__ jL_L_VI jlj__V1 _j_ m.jUI itajj^S-l j___l 

jl W jjjjJI 1 5 rtj» .^ill _jl tmll jl_ 4ihii-VJll 4_L2_JI -jljlatl 

Luajl I ■ : < y .(_^Jj__L_l) jjjjljil |»l_Lo ____ I a"*- jlj()U"i _t— j j i< II Z jjjjjJI 

J_ ji ljyj_>- yn» .jj-i-i 4____ jl j_>V e" + e + -> + \l + 4_ j l__JI ^ Ij_-___I 
J_.j_ l 4_ J ____|j jU I :-^j^<ttj 4jj_JI :4_i_____I _jI j-L-U 4j>L_I ^l ■ 
J___ ,__ jL___JI _JI -j->->U (<u_jJI (_s -4____JL1 __!v__.l____l (__j 0 > c-3 I « " -- 
uj^-jjr 1 ~ uj>£J! £jj cr^ (Z jjjjj j' UJJJ^) o-^-"' ojjjJ J J Lp (<_u (9.4) 

J-^ Cr* j-«_ 4-jL><JI cr^ -^J^ 1 (^J- 11 Cr*J ' -L___ jj_i_- - jj_i_ ~jjj 
- -Jjl>- £jj J_^*1j jl cS-J-^-' uK * "' J^ 1 _-Lf-JI (< i jim> JJ--J . (9.4) 
-_jlj_Jlj _JjljS-1 j_~ ._-L_i jjjjJ ■ - "' '" '» "J-- cr^; iS-" 11 -L__-« ^J^J-" 

. Lj>i_>. V_l__u _)l (jjjjJ-JI «.Lui jlj>_j _L__J,I 

>_•>■ 1 ____ .4 Jj— - (_--ij _->1 _j) lj- 5jj __JI __-_ ____J lju_ c__>.j-aj 

Lgj_ lilljj .jjt i<-> jJL_J VI j-uVl («__ijJI j-a 4-s_L_JI 4j__JI (<i 0 i n" V ijL__o 

. „jt .njL^-Ji ji >_-Vi __jL_j (-la_ji j__ L*i_ j__;i) -__ji _ji s>_ji j__ c-__l__ 

. (4 <rjt irijj^- jj__ Ij-JI j-a J^j') ^ J J* i«*>H 
4jJjJI , UUV a <<— -j 4j_l_ 4jjfl 1 11) j< <ij 4j__L-VI IjjJI j-a 3j-«j 4-ixj lt « j 

(«_ .(j-iL-i t_jl_jj>jj -jLj j" i i jl j _jL_jI>_ j_u Jl»_ ji (»_L__j J--L__ _;V _-i-VI 

J_.L_ _jIUU->J.I J-s-l 1 n i^j . (9.5) JS__ 4_J_ 4_i_____l 4____l Ji-J-__>_ 

-ju- j-_-i j__-T ________ _____jj !-_uj J_ai (> ^" -> e" +v e + JL_JI 

I UUv „ _J_Jl J_1*jj <e" + e + -> 3y J_L__J LijJl 4_pjJI _w» _-lUUv - 
ju_i_ ajj j__«j .Y + y->y + y:*j *j____ ______ Ljjji 4_|jjJI __« 

j_a i_;j_-i _jj jl o f _;i jl _jL_«-_]l tf j_^J (__-? 4_ijj j-a _____!__*__ (_i_j Luaji 

.iijjJI SjLij ic.j__ij j_U) _jlUU-><ll jj__ ji 4___-}L_ 



CjL-I <ar _.-_} LjaJI 4-ujJI _>-» pl «'ij^ it-it-i>< < : (9.5) JSLi 


__i_ _,i „m -i _jiuu v « ,__> 4_^-_____ai v i jU ,xvi 3jjj_i 4ujL__- _,i 

Lfcj_L— ,J _jL i__Lijj_i_« i__Ujjjjjj i_j_jjjjj — i_jUjj_1_jJL- ._, <\]rif <Jjj I « 

4___L_JI __L_ .-■■■■ji -iiljjjjL^JI _,V -dlij .cjIUUUI --_ <__■ j-^j-O V - 

,_j_j_iL>.j __L_jlj_4 _>- a,l in« CjVL>. __j_3 .4-JjVl (_-l o j . .1 -rll L-Li, U'if I 
_)l 3jjj___JLi __i-j_u . JL_J,I Jj ■ ■ ■■ __L_ . I j j "i ^ _JJl_>u V __>tj__a___>VI 4jjL__-<) 
__!-. L__uI _5j_->-i I fl X tj Ud 4_i£j_« 4_t_i-|jJI 4j_>-jII 7t _)JLH-« b^i 
_j_i__ L4J i>Jlj____>j lLIjIjSLII (j_a ^ljjlj <-_Ijj-iJ_>JI ^jji 4-.J--J5 jIjlcJ _>-a _-j_» 

_jUj1_LI _►_ j_u£ jjls i_il ,m'i<I j-j jl-J . I j< aij <ss . dd < uu a___L_- .-l____J) 
Ijuj_-_ _,_3 .-_Ljj_j_t_llj __Ljj-jj_JJ -_J_-IjJI 3 jmII _>c (-_JjVl) -_ujj_9__JI 

4jjI n a . L_JL__ _£j_-=j _J__!I ^__a__II r*£-jJ . J^-_J-_u lj_ol _>_uJ L-__JL_>- Ljj_-u 
5 1 .7.1 , 1 __jA_iL—_iJ 4__i_i jJLj 3-jJl_— - 4__4— ^ -Jul-B — -I- _)_! _)Lo-__- - LtLi-J-L— — - 

VL_~ j_-__ o' tpniS. . Lu-o.; Sj_j__- JljJ V oL__i__UI VI .-_Ljj__- ____ 
_,! j__i_.l . K° -> 7C" + e + + v e i n, , ,nii J__-_JI J-L-j j___d .Ijl_-Ij 

Jj-ioj (j-Uj . dU j <__1L__JI ojH-^' J ' ds -Ji^l __fl j_4 J_L___J.I K jjj-J-a 

- 4 nj » ,x 5j_--Ij Sjjj LL* jl_>.jj .(9.6) J__i (__» L_£C j__jj___ J__L-__I 

L_o! 3 ^ ; * |U JJ tj^ "ijl * -,tl ____ Ljjj 4_jjjj Jo <I1 1 i j a\ 4_oj_j_j___a 
_)>_v«J (jJjJJI _)JJJ--jVI (jjjL-)VI J--lj lj« jo-«- __Jl_«o L$iL_ 4jj__JI _jIjjL_J| 

.71 j K^ _)^jj_JI 


p-JI CiUbu 



S U 



d 

.liDjjj^D _,i_.j__ _ i _iij__>yi < k° -> n + e+ v £ ____>jJ jl__U_ uu;_„ ^9.6) ____. 

JjJl». L^_~ JjJljJI jjLa_u j^ill ( ij-wl___'l _,_« ._•_]__. ^«_JI 4jjJ__ J ' 
L_3jJl__ l_ i>i «j _)J-OJ il-JjI imII _>__>JIj _)_,_! -~U,4 1 1 n "i ILi J_>j__il JL-l-sJI 
Ijl Lij-C -j_>J__JI Jlj__J1j . 4jj <j ni) 5 M,it.jJI jl 4___->LU j-f_J 4-_>.jJLi 
4_l_uL__! C.I_L_T _>_« *L_J1 j! iOj o~iin a 3jj___j *_jj-a__Ll 4jj_3 3_LU _____ 

(jj-sJi __JjVi oIj___ji j>l__- p,„ -r, -__jL_ 4_,l_^vi c_«_ a,.,- 

JL_J («J 5-L-l II CjljjJI _)f J_-jit _,___ .(jJjjJI (J_5J__II 4__J___i ,jjj___«JI 

CjLijjjj-i (j_a 4_L_Li_a_i_J1 SjjJI CjLjjSLa L_gi__aj i » 1 i i 11 4_j__uL__l <__JljJ_i 

__L__jlj_JI __M <jVl cjj .1. „-, ____ __L____JI _j lC ___Vlj .oljjjJj-ijj 

i— il i i n i jl_wjj . L_b ________ Lj (-_JI (3jjL__U) _j_il j iill cjLjjjjjj cjLjj " i jlllj 

cjI o j ,„ -,11 4_»_L__ _J1 (. U____j>U 4LL_ J_-Ij-U - j-* ' - N ' 

oj_k (j-a IjI _J _,__: ^.JLsJI C_3jJI (__ ljl_v Jj---> j_i J_« _JL__ .4j__iL_u_'1 

_>__«_. j_i_. __J_ _)! (<-c.jj ■ <___!_ (j-a JL»ji (_J1 *i^j-9_-LI 4_jL_ l_$_l _ J__l jJLI 

4_i_-_J_» t -I , - . II (j| (___ 4j| iii U ______ i JL__ 4jI __1_. . Lu__J 4_j_a_j 

,_j_______ IjjjI n : Wi i j ft" i .. oj Ji^."- j__j ____ layered 


i__l 9 _Jl v -Jj5 J __lo-< 


3jL_>.J p$ i i * i l L j_ < i m * i t l (Jjj i <-i i * i t l _j____v_5Ltl (jji JjJ-I jJl_- _j___>Jul 
ol_j_« i M-»-r i m .„1 (jSJj '(_"jjJI __jj «ill Julj-ltl __La_UI JJ-^"J. tSlri^-jUI 
CjUjSLa j_«i (j^a <jSL_ !__$_ • ideiltical iliUala jjLU _j___« (>----) £___>i Cjljj jl 
Jjua-LO _J Jua J>>-J 4 j<j i n_M-Lll J---JI 4-^>.j) jj« J^J-y *J-t' _)_-3 ' -* _'j- >- j' *J J 
(__h__L___-j) i4_ajlj _jL_LL_ -J->-_9 (_> tV»_J i4_S_a_s 4_i_>.l_ (__l i J<j-i) --^ j^y ~ t 
,___ i(j__a (__jL_»j£ (j "■»'■'•) £_j_J 3; , ,.',11 . .CjLjSLLI ^oT-yi I jLt . I jSukj iAjjIj oj^ 
i__L- l 5g_3_Ljl (_>___- _, o "i ~ ____!! (JLjJI Ljljj _»-J-._--»J •LlLs.IjJI l-iM j< i,i "II _j__u 

4JL_L« ___ James Clerk Maxwell Jjj ..iTL» j_JS' _>■■ « j > fnk«" ,JL_JI 

t(__jj_>JI (jJjSu _)L- Ij-gJ» : Jj-L '^1-JJJ-^'j l - J 'j--' _>— - ^«J^hJ' 4__j____.L 
ji l_U j (jjs Vju i__*j jSJ .(( L$u_) _>_-u_j __UI 4« j _iUH j-U__ __J_ « *i n - 4__L_ 
j_u_-_j j_j __uS' Lblj _L_J n _._.,UH _j_>.jlj j_L___t| jlj__al_gl» "l_j__v __Jj J->-J- 
(j-a "_"ju 3j_lS_- 4_i__i __VL>J J__j-_i_ (___il_. i_JLL_ . j«__!l KjiKj a (__3 j_ii]l I j_» 
L____^_L_ (j___l_a_« (j__L>. (___ j_jjj_w -_>-J Ijl . —-LjSLaJJ 4_S_4ja ^-iM X ""I J____a 

L_$iL_ 4j_jl_j_JI 4JL>JI _,___ (__a jtS" Ijl U_jj i___uLI__j- (jL>_j V 4_L__»JI <___• 

1 iL j__fe (j_t_a (>jj <:L_a__l _ j 1 -»- j-j (_^L___tl jl _'«' Iju- .(j-_j____4 jUjSu 

4_j____ _jc I _~ U^\l ■» jSUj 4__j-__>J (__-L__l _■!* " _j_3__ lj__ JS^ .___'L>JI 
eL___l _j__>- ji ____ Ijuj_»o (j_»S_ '._i_i_-i 4j__t_,l _JL_* jl V| .5j_j_JLI _jVL>JI 
(___ __Ljj___jyi ^j n -»■ jL_ lj___jj - 3 ~nlU* « cjLjiL- L^J __ljjJI _>_ L_« 

_,_JI __l_jlj)_vJI jjSLj j_S"l (3-*__JLj) .4 rt ilU*a (_jLj_j__i_!Ij .__L_jjjj-jJlj) n<J__II 

. 4-Ll |»5_*j3 (_->>! (___- L^J (__lll __L_jl>JI JS^j) u_jJJ'_j 4^SLJI _>_-u L$I 

L^___jlj_l__l (jSLau (j_L_-j(> Jj-J *LuJI (__Jlj_3 _j_j i>j__ (JjU-uJI 4 j i^iL-- 

L^jSLJj) .4jjUI cjI o j iii -».11 LSLuISLj_« _;______« __L_ («j Lo jlj-c. ___- 4__>l . .. n 

_jljLua_iVI Ji_-i jj- I ju_j .__VL>J,I (___c joSLJI _J-Lj-« (jjj U*i (jjj LJI r. n'i jil 

_$j)*i intl __L_ .4 j o<ll JL»JLI Su^JijJ (LJLc. Uj _,i.*ij V (^l .3 o jh.ll 


(-SJI-jUb-. 


_gjj ,,,1.1 Jl*. .-ljL-J.1 ^ ■"«_> .-.Vl r ^j.-.l , . _L_Jj_jj t| __<j ,„>l-JI 

-_>_'L>dl _t-L__ L_.jL__-L ^ln,,„ r tl j^jj ,oVl r olt Jb^l _j____ l( ^l 

(jlj O.Iti . „j jl _)-__J -_UI jl J-* ' j-* _]_> _-3 4 jU--,La _>--aJ La ^i^i^l 
4_i-_S_JI JL>J .1 4jj__u i~, a.igj .pU->- jjj jjjj _>-_tj i_t___fl I _j .' j"_-i _L*J V - ^Jl^j 

-_j-l__JL 4U,„_1I ^ljin, A-.ll jj .-JL___J -j__ __ J-a___U L______ Lji__. ljL__l 

^gjl^ _,]} L>j lj_p£ ___j_ V Lfr£J .Ij^p- 3 njn->JI .j__> jl___>J L» LJLc. («SJI 
4_jI__ j_l£ *Lu (_JI_j_a _>c 2ujj__JI .jSL-JI -___M_ j__J .<_jI j__r, ,„Vlj , ,, r t jll 
__(j__ L_plj -U..._.tl ^jjLHII ,<ll" ,ji -l^-j-^Ij ImJjUI (_Il_JI 1 3'* ljj-uj *_sj_*__LI 
E = mc2 -J_L_dl _-J. L_L__i j -__i__VL creation ah-ri,„VI 3 ,U r _____j 

SjLa jja Jj-HJ l_$j| ____ JiLSil __3 j-Jl^JI 5_J__- jj--_ij iS_La ___JI 4__L__JI Jjj-tlt 

JLUI l_-_ o-J • 5-L__II 5_Ulj SjLJJ *l__JI j- J____JLI JLill . -____ __!J 

«i r __ljJI __3 Jj iC jl . j i „ r ll _j>L_iL_j jl ____L____ . LoLaj £jL_>.j Jliri a 
«L_JI (juljj-j <_-L__JI («.Lii) , 1r> ii-_ _j_ilj_l |»j__"— ' ' . 1 TJ '■— aLc 5jj__j _jVj-__tl 
_--___> _r- -JjJ _-$_ '(-_-->■ ljJ-*_-« Lj Ij-_j ,-,i,i jt -_3__JI jl _l ._?_>__ _M 
lj___>J . J_-L_J ___3 -ilj " ,j,j ___ll 4_jj(_3ljJI 4_ijlj_). _i a II <_j| n j ,„ ->JI jj^ i „j 4_Sj__- 

Jlia ..jujl-_>j jjjjj-i annihilate «<___u» Laj_c (-_o_u___.) 4j___Ij f ij --i j_u- 
_____ 4_J__I 4_>L_JI .p + p -> jt + + 7i" (J__L___JI (> -uUj^JI jj^1_. _itj 
__jLcL_u _j_. ,___i __. (*L__)VI) jj-jJI __>L_._--- 1 ^l' Vi V .3_-_-lj 4JjL_J,l 

(«ij,„->- J-C I jl _____ ,j_a_l 4_L__- ___ ^^Jl^jj CjI ajiu-w L^ji) __ l-rjin") 

(— i (_-_- 4-L jL___,_'l J i 'n iij .La J_.L_j _-jljj (___- jjjUtl _-JI , UgL- (jr____ 

.4jl__JI __fl (.jjjj) -_l-nrji„l JUcl 

U4]j_-jj .lo^ila-,11 j__ _jjj___ ijjUI a___JI Jljj j_ annihilalion (-L__VI) _,_j__JI (*) 
. ___^__-=3_-}_ ^l__l| _^J UJj_- ____u . L-jL-a ___J_) .«.jlil jjjj» Jli,_5 •<___ 


_-jl9_JI_JlS J _JI_-' 


La 4 j 1 1 JL>-J 4jwt_J J--JJJ .1 'JihjJ S-^J-" <_r u ' ' «3 " > * J __LLI i_jl_La___J 
_,| J___ _jL', Lul (<__j ____ i4__jjULI 4^L___L_)Jlj 5 j «i j-iLall 4_JVI 4-t jj_u 
olj_j_o __ll 4jj_a__ 4 j^sj i n^LS" (_jVLs=_« :(j__ijVI (j-_J I mlLi- £j___jll ^^Itt" im) 
4_ul j CjVLw __3 jjJjj _;j__ll jjJ i___Jj _)Luj"ilj «I jll ____ j_£i JjJ_w '.__«-> JL*__ 
'. Jjlx1_ 0 fl jmi-w (___-*_» __lj -JJJ-v CjVL-w £_HJ .4 j<ij mi-w l-Ij-w. 4_l«_s - 4_|L__I 
I jl_o .(_jLj_<-) J-J-CJ <<L>_- > - I mi JJUJ 4__ Iju- _jl __9 4_L__JI (j-_-J . lj___J 
j-JL* jt i_jl J___i__l (_lj . >Lf_9 Uj__.L__ _)L_-u_S CjIUU Ar a ,4___j__>. _.Vl iJj-^J 
JaL-i __tl 4jjjJ___I — jI oj i n-wll J ii" 7i j "»jji J£ Jl-C 4jjjJ_Sjj) 4j_u-__- Cjl «j mi-w 
J__>L_w -jL-C (_jIjj\j_S JcL-j _J| i lj_w («i_>j 1 1 ju_ jj__j I o "m -- _fj_-l 4_u___j 

a_ ! __ J L_Vl JL___Vl _0Jj __jl_-_ -_u_- j_J_JL (,--j___j» _ I j_* (j__ . L$J j-_____ V 

5 J>u _jl ^j-j-jJIj . JjVl j»L_JLI j-a 5_j__- vertices Ijj jj_. j-j^Jlj iljL______i 

(____ -jjLo cjI «jmi-w _dl___ (_j__ V Ujj ._-jVI Jj-t-j (jt *j-_U (jS-«j <4_iSL_wi__JI 

£_>ljjl _,fl _)_aJ Cjl «JMI-W _J__L_j Ls jt (jj-J -4JJ ______ _jVLt_- J-WJJJ l_jj_i_VI 

JL>JLI 4j_J__ jLLj (__ 4_l_1_C 4_wjjj J^ miII (j_a .3j--j-« 4_JI_»__ _____ (j__L_« VI 

_;>? __LI jJ___=l <_Jj a_u__vUI cjLI jJ___VI c__£i 4_j_lSUj Jj____ <jt 4jSL__>L__I 

*,___ (_JL__ _)"jl'a ._JjJ__wJI 4_uJ_£ 4jjJ__i CjjL-Ij i>j_4 _^J .i___<_L__ j--*_) _-- 

.w_ljL_JLI _ju- (___ (jl_L_ _^ j_u (j_s 4j_ («<-' II (jS_«j __-_lj 

£_y__wj j»J_jJlj Cjl. l ~-"i mi ^LI j j i ii A" J___jl j-k _)1 o ij 4 JjL-j (jj-Li I-4JJ 

.«(JUi! j\j_J.I Jlj-il jA l_!I_» :_;j_wt -jLLuu-j .(^Jl (JU (___ ,____. Vl ___.b__JI 
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Laj _jjj_>JI _;jl j <1l £jj_UJI _," ^ _rJj'^' cjIjJJI (jjo j_Uj 4___Ij 5 jU;-, 



J J In i n ,__- i__Jjil 

jUjj_S j»L_. 

. _)j"i i n'ijj 4j_oL-_j »Ljjiilt 1 A j ^ |j___il (_L_c 3{c 
.<(i~i"i mi"I1 4jj__j» i-J-_J i<i4jL_jj__jj j__aL*il jjjsjl» i_jl__ __u]_i __3 eJjLii $ 

. r m<\ r Lc^ * 

JJ-__- <__9 (*~-J-_l 

.~j__L_!l -__«_-- _ j»jl«JI 4_l__j £_>-ull ^Ljj-i_JI jLu-ui >je 
- f-ji_JI 5 jKl (3j mVl .> j - «Hj i3j__L_JI 4 t oL_w ^^-jjjJ (JjL-JI (__jL<JI sje 

._j__L_JI 4__aL~- 

jj__cj i_Jj___II _-~i_JI _-a-~-J.I j____j i3j__L_JL 4_jj-*JI 4__JI j i^r sjt 

4"-r jll *L)j iill 4_yij__l1 4__-_UI j___cj i4_j_i^___yi (jjj___J (j-lc-M _)iil-»,t,l 
___— _JI 4_L4 \ jL— '—1 ^-IaJI 4_L _ui_J ^ljjLjJ 4__aj-_JI 4___l!l JJ-_— oj t 4_l— — — — — — J I j 

im'ij_i]I ___ -_j_pJI ol_i_)>l_->LJ 3_i__>jJI 4_L-_UI j___cj i j i^<ij _.<iUII 

._;j_-Vl 4jal«ll _jL-__Jl J) -jlljtjll (j_a JuJuJI 4jj__u_ __ll 4_>L__yL 
jl I n rt> a j! L_Jj__ LL__ _ru_LX_>. __!Ij_-_j _i^/l _____ 4-uj_«JI 4_±___,l _;j_l j)e 
___ _JjL__j .(_>jj__-T _Jlj "< Miyjj jl bj li ;<) 4j) jIViVI (__- L»_>.j_j_- 

LL___9j 4-^L)_j__!l j»ji*JI (_-- 4 in ir-> Vill __IjJl_Ij _jIj_4JjJU (j_a JUJU-JI 
^ji-JI ilnj iii i"ij 4 j «il tll 4-_L__JI j___j ___ inlj i^n inliillj _ _ a Ul l j_L_JI 
.4jjjjJ__J_Jlj 4_jcl_)/l __j__».-'Ij -J.LHI -jIIcj 


j-jl_JI» Jj_- . j jJLjjj l_iL___ 4_«_>.j_j «2__j__il («JLc» 51 ml.n <U jJl__j :Je 

. j»Y • • i JjJjj it • 0 jjujl i <(3-i_;>L_VI 3jL___>JI 5 ... lij tl j 
Lgjl j iU~ij 2L-LJI KjjKjll :(ijJIj*ii*iVLi jl Lj-jJLa) 4jL_>.j_j 4jL_jjs (j_a >Je 

-_u->L-)N -jL____J ^.J-JI __lj_JI _ ( m • ) 4jjIj^JI Kjj»UjjJI _ ( Wv) 
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